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TTOSICHUTEJIBHA ST 3ATIMCKA
Metoauueckue yka3zaHUs [0 OpraHU3alMM MPAKTUYECKUX 3aHATUN OOYYaIOIIMXCS COCTABIICHBI
st cnenquanbHocT  38.02.04  Kommeprus (1o  oTpaciasiM) 1O yYKPYIHEHHOW TIpyIie
crenuanpbHocTedt 38.00.00 DkoHOMHKA W yIpaBiieHHe, MPOPECCHOHAIBHOM IOJATOTOBKE IO
npodeccuu pabounx U AOKHOCTIM ciykamux: 20004 AreHT KOMMEpPYECKU B COOTBETCTBUU C
paboueii mporpammoii yueOHou mucimmuiiael EH.01 MaremaTtuka. Mcnonb3oBanue 3THX
METOAMYECKHX YKa3aHUH JOJDKHO CIIOCOOCTBOBATh YCBOGHHUIO TEOPETHUECKOTO MaTepHara.

Leabio mnpakTHueckux paboT sBiseTcss 00OOIIeHHe, CUcTeMaTHu3alus, 3aKpeIuieHue u
yrIIyOJieHHE 3HAHUH TEOPETUYECKOTO COJEpXKaHMs y4eOHON MUCHUIUIMHBI U (OpPMUPOBAHUE Y
0o0y4aromuXxcsi YMEHHH MPUMEHSITh MaTeMaTHYeCKUe METObl MPU PEUICHUH MPaKTHYECKHX
3az1ad.

Jis  ycHemHoro BBIMOJHEHUS MPAKTHYECKUX padoT oOywaroniyecss IOJDKHBI BIIAJCTh
COJIEpP’)KaHUEM TEOPETHUUECKOro MaTepuaiga M 0a30BbIMU IOHATUAMHU TOM TEMBI, B paMKax
KOTOPOM BBITIOJIHSAETCS MpaKTUYeCcKasi paboTa, 1 YMEHUSIMU peliaTh MaTeMaTHYecKUe 3a1a4Hu..

[TpakTueckue paboOThl 00ydaroIIMECs BBIIOJHSAIOT HA 3aHATUM I10J PYKOBOJICTBOM
npenogaBarens, OGOpPMISIOT B TETPaAsx s MPaKTUYECKUX pPadOT U MPEAbSBIAIOT Jis
OLICHUBAHMUSI.

1. Hepeqeﬂb NMPAKTUYCCKHUX 3aHSATHIL Mo AUcHUILINHEe «MaTeMaTHuKa

Ne KoJia-Bo
pasneJa, Tema npakTHyecko padoThbl 4acoB
TEeMBbI
Paznen 1 | [I3Nel Boluncnenue npenesion 10

Tema 1.1 | II3Ne2 PackpriTue HeompeneaeHHOCTeN
[13Ne3 3ameuarenbhbie npeenbl. OqHOCTOPOHHUE TPEACIIbI

Tema 1.2 | I13Ne4 [IpousBonHas oOpaTHON U HESIBHOW (DyHKIIMN 10
[13Ne5 [Ipoun3BoHast BHICHINX MOPSIKOB

[13Ne6 UccnenoBanue GyHKIMH C TOMOIIBIO TPOU3BOHBIX.
IToctpoenue rpadukoB GyHKIHIHA

Paznen 2 | [13Ne7 HaxosxieHue rnepBooOpa3HbIxX 6
Tema 2.1
Tema 2.2 | II3Ne8 Meton noacranoBku. VIHTerpupoBanue 1poOHO-paliMOHATIBHBIX 2
U TPUTrOHOMETpUYeCcKuX (pyHKIMN. Bpiuncienue onpeaeneHHbIX
UHTETPAJIOB.
[13Ne 9. Beruncnenue miomazaeit u oo0beMoB. Pemienue pusndyeckux u 2
TEXHUYECKHX 3a]au.
Paznen 3 | I13Nel0 O6paTHas maTpuna u ee cBoiictBa. Onpenenureny. 8

MatpuyHas ¢popma 3alIUCH CUCTEM JIMHEWHBIX ypaBHEeHUH. Pemenue
CUCTEM JMHENHBIX ypaBHeHUH. [IpaBuno Kpamepa.

[13Nel1 Pemienue cucteM C MOMOIIBI0 00paTHOM MaTpullbl. Pemenue
cuctem meroaom JKopaana - ["aycca

Paznen 4 | [13Nel2 IToctpoeHre MaTeMaTUYECKOM MOJIEIIH. 2
[I13Nel3 MeToapl pemieHus 3a1ad.

Paznen 5 | [1I3Ne 14 Onepanyn ¢ MHOKECTBAMM. 4
Paznen 6 | [13NelS Onpenenenue ciaydaitHoi BennunHbl. KaHOHMYECKOE 2
pacrpeesieHue Cy4yaiHbIX BEJIHYHH.
[13Ne16 CoBokynHOCTE. DYHKIIMU pactipeneneHus. Penmenure 3aqay. 2
Paszgen 7 | II3Nel7 Pemenue 3amay no temMe 6

HTroro 60
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KpnTepml OLCHUBAHUA IIPAKTHYCCKHUX paﬁoT

KauecTBeHHasI Ol1leHKa WHANBUIYATbHBIX
IIporeHT pe3yabTaTHBHOCTH 00pa3oBaTebHBIX TOCTHKCHUI
(MpaBUJIBHBIX OTBETOB) —
Oayut (0OTMETKA) BepOAJIbHBIN aHAJIOT
86-100 5 OTJINYHO
66-85 4 XOpOoLIO
50-65 3 YIIOBJIETBOPUTEIHHO
Mmenee 50 2 HEYIOBJIETBOPUTEIHHO

IpakTuyeckoe 3ansaTue Ne 1
Brrunciienue npejaesia nocjae10BaTeIbHOCTH

Lens:

1) ®opmupoBaHue O0MMUX KOMIETEHLIUHI:

OKI. IToHnMate CyIIHOCTb M COLMANIbHYIO 3HAYMMOCTb CBOEH Oyayluei nmpodeccuu, NposiBIiTh
K HEW yCTOWYMBBIN MHTEPEC

OK 2. Opranu3oBbIBaTh COOCTBEHHYIO AEATEIbHOCTb, BHIOMPATh THUIIOBBIE METOJBI M CIOCOOBI
BBITNIOJTHEHUSI TPOPECCUOHANBHBIX 3a/1a4, OLIEHUBATh UX dPPEKTUBHOCTH U KAYECTBO.

OK 3. IlpuHumate pemieHuss B CTAaHAAPTHBIX M HECTAHJAPTHBIX CUTYAIMsIX M HECTH 3a HHUX
OTBETCTBEHHOCTb.

2) 3HaTh ONpEaEIICHNE NIPEEIa NOCIEA0BATEIbHOCTH, CBOWCTBA MIPENIEIIOB.

3) YMets onpenensTs npenen nociaea0BaTeIbHOCTH, UCII0Ib30BaTh CBOMCTBA MIPEJIENIOB, PEIIaTh
IIPUKIIAIHBIE 33/1a4M Ha ONPEACIICHUE MPEEIia OCIEA0BaTENBHOCTH.

Kparkas Teopus

[TocTosiHHOE uncino A npenenom Gpyukuuu Y= f(X)B Toukex=a, eciu i BCeX X, CKOJIb YTOJIHO
MaJjo OTJIMYAIOIIHNXCSA 0Ta, T.e. (|X-8/)<d),3HaueHue GYHKIHUHY CKOJb YTOJAHO Majo OTJIMYACTCS
ot uncna A, 1.e. ([y-A|<g), T.e. eciu mpu X— a, y—A, tolim f(x) = A.

x—+0a

IIpaBuna npeneapHOro nepexoma:




1.ITpenen cyMMbl WK Pa3HOCTH PaBEH CyMME WJIM pa3HOCTH mpenenoB lim(x+y)=limx+limy;
lim(x-y)=limx- limy.

2.Ilpenen npousBeaeHus paBeH mpousBeacHuto mpeaeaos lim(x-y)=limx-limy
3.Ilpenen oTHoIIEHNs paBeH oTHOMmIeHHIO mpeaenoB lim{x/y)=limx/limy

CaoiicTBa IpeIesoB:

1LIIMA=A, ecau A=constmpeen MOCTOSIHHOM PaBeH 3TOM MOCTOSHHON

2. lim (C- y)=C - limy, ecauC = const moCTOSIHHYIO MOKHO BBIHECTH 3a 3HAK Ipe/elia.
KonTposbHbIe BONPOCHI

1.JaiiTe onpenenenue npeaena QyHKIUU.

2.ChopmynupyiiTe paBuiia MpeaeIbHOrO IMepexoa.

3.KakoBbI CBOICTBA IIPE/ICIIOB.

3aganusa
OTHOCHTEIEHOE HIMEHEHHE cCopoca

1)JloxomHas 3JIaCTUYHOCTh OIPEACIICTCS IO GopMyIIe: €= .
)I[ A pea (b pMY OTHOCHTRIEHOE HIMEHEHHE JOX0LE

OTHOCHTETHPHOE U3MEHEHUE CIIPOCA 3aBUCHT OT BpeMeHH (1o (hopMylie: OTHOCUTEIIBHOE
HW3MEHEHUE CcIIpoca = t2-5t+6 OTHOCHTEIHFHOE M3MCHCHHUE goxona = t2-6t+8
Beruucnuts npenen anmacTudaHOCTH nipu t—2

x* -9 . 2x%-18 . o xZ-3x—4 .. x
dim— lim

wosd 16-x% papvx+1-1’

2)Bbluncauts mpegen  QyHknum:lim :
¥—3 X% —3x y—3 x*-3x

. x+3x®+2x .. x¥-4x+5 .. x+3 ) x—2
lim lim lim &£2022)
x—=—2 XT—x—86 x2 xT+6  pa_1 x+2
. xZ-3 . .
lim ——— lim (x®> —x* +1); lim(3x® + x* — 8x + 10)
x—=y/3 AT+ +l xs—1 =0

IIpakTuyeckoe 3ansaTue Ne 2

Hpenen pynkumu. PackposiTHe Heonmpeaea1eHHOCTEH.
[ens:
1) ®opmupoBaHue O0IMIUX KOMIETEHIHIA:
OK1. [lonnMaTth CymIHOCTh U COLMANIbHYIO 3HAUMMOCTh CBOEH Oyayiiei npodeccuu, NposiBisTh
K HEW YCTOWYMBBINA UHTEPEC
OK 2. OpranuzoBbiBaThb COOCTBEHHYIO J€STEIBHOCTh, BHIOUPATh TUIIOBBIE METOABI U CHOCOOBI
BBINOJIHEHUS TPO(ECCUOHATIBHBIX 3a/1a4, OLIEHUBATh UX YPPEKTUBHOCTb U Ka4ECTBO.
OK 3. IlpuHumate pemieHuss B CTaHAAPTHBIX M HECTAHJAPTHBIX CHUTYyallUsX W HECTH 3a HUX
OTBETCTBEHHOCTb.
2) 3HaTh onpezeNeHe npeena Mociae 10BaTeIbHOCTH, CBOMCTBA PEAeIoB, IPaBUIaMu
PACKpBITUSI HEOTIPEAECTICHHOCTH .
3) YMeTb pemiaTh MpUKIaIHBIE 33Ja4l HA PACKPBITHE HEOTPEIEIEHHOCTH .

Kpartkas Teopus

J1st pacKpBITHS HEOTIPEIETICHHOCTH BUIa HEOOXOIMMO MPeABAPUTEIHHO APOOh COKPATUTD,
pa3J0KUB HA MHOXKHUTEIH, a 3aT€M HaWTH Mpejed.

ITpumep 1
4x%—9 : 2x—3)(2x+3
im, 2570 = Jjy G220
- 2x+43 - (2x+3)
=lim(2x—3)=-3—-3=—6
311eck ncnomk30Banack popmyna: a>-b?=(a-b)(a+b)
[Tpumep 2
lim x2-Tx+10 . (x—5)(x—-2) _ _3

x—5XZ—9x+20 x5 (x—5)(x—4)



B aTOM npumMepe UCToNb3yeTcsl pa3iioKeHHE KBAIPaTHOTO TPEXWIeHa Ha MHOXKHUTENHN (X-X1)(X-
Xz)
[Tpumep 3
x*-1 li (x—1)(x*+x+1)
21 e D)
[pumensn: a3-b3=(a-b)(a?+ab+b?)
KonTposbHbIe BONPOCHI
1.Kaxoii cyiiecTByeT IpueM JUisl pacKpbITHS HEONPEAEIEHHOCTH 7

2. Kak pa3nouTh Ha MHOKHUTEIM KBaAPATHBIN TpexXusieH?

lim
x—=1 X

3aganuda

. 3x2+x . xz—‘}
1) lim ——)lim ——

x—=0 X ¥—3 xc—2x—3

. x’-a . 33—
3) lim 4) lim —

r——2 x+2 x—3 x"—=27
5 lim 3xZ—11x+6 I -

1m

)x—;g 2x2-5x—3 r—3 x2—9

IIpakTuyeckoe 3ansitue Ne 3

IIpenen pynknuu. 3ameuarenbHbie npeaeabl. OTHOCTOPOHHME NpeaeIbl.
[ens:
1) ®opmupoBaHue O0MIUX KOMIETEHIIHIA:
OK 01. Br16upaTh ciocoObl perieHust 3a1a4 NpopecCUOHaNIbHOMN 1eITeIbHOCTH,
IPUMEHHUTEIBHO K Pa3IMYHBIM KOHTEKCTaM.
OK 02. OcyiecTBIATh MOUCK, AHATIU3 U UHTEPIPETaLMI0 HH(OpMaLUU, HEOOX0AUMOI
JUIsL BBITIOJIHEHUS 3a]1a4 PO EeCCHOHATIBHOM e TeTbHOCTH.
2) 3HaTh ompeeseHue Ipeiesa mocae0BaTeIbHOCTH, CBOMCTBA MPEJIENIOB, MPaBUIIaMU
PaCKPBITUSL HEONPEEIEHHOCTH 00 /00
3) yMeTh pemiath NpUKIAIHbIC 33/1a41 Ha PACKPBITHE HEOIPEICTCHHOCTH 00/00,

oo
I[J'IH PACKpPBITHA HCOIMMPEACIICHHOCTH BUAA — HeO6XO,[[I/IMO YUCJIUTCIIb U 3HAMCHATCIIb Pa3ACIUTh
oo

Ha X ¢ HanOOJIBIITUM ITOKA3aTelIeM CTCIICHH.

ITpumep 1.
1 2
&_ .2 1——+
. xT—xT+2 ., Pl
lim —.—————=lim +— 7% 2
x—=oo XT—x+1 x—coo E_EE+F

KoHTponbHbIE BOIIPOCHI
() oo
1. Kakoii cymecTByeT mpueM Jisi paCKPBITHSI HEOTIPEIEIEHHOCTH — ?
oo

2. Yemy paBeH npezaen oTHouieHus 1/00 ?1/0?

S3aganusa

BeruucianThn:
l. x3 +x‘1' 1 llIl'x2 —x—6

1) 1nm ——-: 2) lm ———
)x—>m 22 46 )x—mﬂ 3x—xZ



3)MuHUMaNbHBINA CpeaHuii YPOBEHB TOPTOBOM
DEKTHYECKHE YPOERHE HIJEpEEE

Haq0aBKU=
1—'pEII'."‘-!ETHEIH CTEEKE HATOr= HEI,.'.T'EIEEIE."[EHH}"ED CTOHMOCTE

dakTHUeCKHil ypOBEHb M3MEpkKeK = X°+2X’+4  pacueTHas CTaBKa Hajora Ha J00GABICHHYIO
CTOUMOCTB = 4X3-3X?+5paccuntaTh Hpees IpH X—00

l 3 2

. x +2x°+4
4)lim -
oo X —23x +5 .

] 2x°—5x—3 . X —x<4+2
5)lim————— 6) lim ————
x—300 dx=—13x+3 x—oo X —x+1

IIpakTnyeckoe 3anaTue Ned-5
IIpousBoaHas pyHKUMH.

Lenn: 1) ®opmupoBaHue OOIMX KOMITCTCHIIHMA:

OK 01. BeiOupare crmocoObl  pemieHHst 3agad  Mpo(ecCHOHAIBHOW — JAEATeNbHOCTH,
HOPUMEHHUTEIBHO K Pa3IMYHBIM KOHTEKCTaM.
OK 02. OcCymiecTBIATh MOKWCK, aHAJIW3 W WHTEpHpeTanuio WH(popManuu, HEOOX0IUMON

JJIA BBIIIOJIHCHUM A 3aJa4 HpO(i)CCCI/IOHaJ'IBHOI‘/‘I ACATCIIBHOCTH.

2) 3HaTh ompeJeNeHUue MPOU3BOJHON (YHKLNHU, MPOU3BOJHBIC OCHOBHBIX (DYHKLMH, MpaBuia
HAXOXKJCHUS IPOM3BOTHON CIIOKHOW (DYHKIIMU, TEOMETPUIECKUNA CMBICIT TIPOM3BOTHOM.
3) YMeThb pemiaTh NpUKIaJHbIE 33/1a4K HA ONpeesIeHHe TPOU3BOIHON (DYHKIIUH.

Kparkas Teopus
[Mpoussoanoi ¢pynknun Y=f(X) mo mepemMeHHOM XHa3bIBACTCS TPEET OTHOIICHUS PUPAIICHUS
(GYHKLIMHU K TPUPAIICHUIO apryMEHTa X, KOT1a MOCIeIHee CTPEMUTCS K HYIIIO, T.€. Yx'= Eﬂ% j—i =
lim f'ix+.ﬂx}—f'ix}.
x—=0 Az
[Tpouecc HaxoxIeHUS TPOM3BOAHON (QYHKIIMHU Ha3bIBaeTCs AUPPEpEeHIIPOBAHUEM.
["'eomeTpHUUeCcKHil CMBICI TPOU3BOAHOM — TAHT'€HC YIJla HAKJIOHA KacaTeabHOM K rpaduky
(GyHKIHIH.
Hubdepenimanom Gpynkuun y=f(X) Ha3pIBaeTCsI rIABHOE cIaraeMoe npupamieHus QyHKIHH,
gy
dx
Dopmynvl ouggeperyuposarus:
1) C=const, (C)=0; 2) (C-f(x))=C-f'(x);
3) (f(X)}+9(X))’=}ff’(X})+g'(;5); } 4) (£0)-9(x)=F'(x)-g(x)+f(x)-g'(x);
flx) yr Flx) gle)—gl=) (=), Ny/—py.3N-L
5) (L3 )= 8280 8, 6) (x'y=nx
7) (sinx)'=cosx; 8) (cosx)'=-sinx.
[MpousBoanas cnoxuHou Gyukiuu: (f(g(X)))=f'((g9(x))-9'(x).
8) y=x? - cosx, dy=3x%-cosx+x?(-sinx).
KoHTpoJibHbIE BONIPOCHI
1.laiiTe onpeneneHne Npon3BOIHOM.
2.Yto HazwiBatoT quddepeHnupoBanuem?
3.KakoB reoMeTpu4ecKHii CMbICII IPOU3BOIHON?
4.YeMy paBHa MPOU3BOIHAS CIOKHOU PyHKITUN?
5. laiite onpenenenne nuddepennnana GyHKIHUH.
3aganus

JMHENHOe OTHOCUTENIBHO AX.Y




Haiitu nponsBoanyto GyHKIINY:
B
1) y:;: 2)y=x " —4x 4+ 2x -3,

3 2z
—-—- +1
23x" Wx

3) y=sin’x; 4) y=2\x +

5) y=cos(x/3); 6) y=(1 + yx )

7) Haiiti muddepennuan Gpynkmuu: y=3x= — 2xz + x 7

IIpakTuyeckoe 3ansaTue Ne 6
HccaenoBanue pyHKIMM ¢ MOMOIIbLIO IPOU3BOIHOM.
[enb:1) opmupoBaHUe OOIMUX KOMITETEHITHI:

OK 01. BriOupate cnocoObl  pemieHus 3aaad  OPOPECCHOHAIBHOW  JEATEIbHOCTH,
MPUMEHUTEIBHO K PAa3JIMUYHBIM KOHTEKCTaM.
OK 02. OcyiecTBIATh MOUCK, aHAU3 M UHTEpIpeTanuo UHbopManuu, HeoOXOoauMOn

JUTSI BBITIOJTHEHUS 33729 TPO(HECCHOHATLHOM IS TSIILHOCTH.
2) 3HaTh aNrOPUTM UCCIIEOBaHUS (PYHKIIUU C TIOMOIIBIO MPOU3BOIHOMN
3) YMeTh pemars NpUKIaIHbIC 3a/Ia4H Ha UCCIIeJOBaHNE (DYHKIIUU C TIOMOIIIBIO IPOU3BOIHOM. .

Teopus.
Oyukimsa Y=f(X) MOHOTOHHO BO3pacTaeT, eIk OOJIbIIEMY 3HAYCHHUIO apryMEHTa X

d I3
COOTBETCTBYET OoJibiiice 3HaueHue GyHkimu f(X) 1 mpousBoaHas d—}>0. OYHKIIMS MOHOTOHHO
o

yOBIBaeT, eciau 00JbIlIeMy 3HAUEHUIO apIyMEHTa COOTBETCTBYET MEHbIIee 3HaUeHHE (DYHKIIUN
.
IIPOU3BOIHAS d—“'<0.
-

B Touke skcTpeMyma mpou3BoiHas GYHKIMHU paBHA HYJIIO.

[Tpu3Haku MakcuMyMa: MPOU3BO/IHAS B TOUKE MaKCUMyMa paBHA HYJIIO, U B 3TOM TOUKE MEHSET
3HAK C «IUTIOCa» Ha «KMUHYC»

[Tpu3Haky MUHUMYMa: IPOM3BOIHAS B TOUKE MUHMMYMa paBHA HYJIIO U MEHSET 3HaK C
«MUHYCa» Ha «IUTI0C»

Ipumep 1. UccnenoaTs GyHKIHIO Y=2X2-3X

A) OmpeneniuM TOYKH, B KOTOPBIX IPOM3BOJIHAS paBHA HYIIO. Y'=4X— 3

4x-3=0; Xo,=3/4; Touka sKCTpeMyMa X,=3/4.

B) Onpenenum 3HaK MPOU3BOAHOM pH X<XO. Y'(1/2)=4-1/2-3= -1<0; y'(x<x0)<O0.

B) Onpenennm 3HaK Mpou3BOAHOM mpu X>XO0. Y'(1)=4-1-3-1>0;

y'(Xx>%0)>0.

I') Touka sxcTpemyma X=3/4 B 3TOW TOUYKE MPOU3BOAHAS MEHSET 3HAK C «-» Ha «+», 3HAYUT B
Touke X=3/4 munumyM. Ha yuactke (-o0; 3/4) ¢pyHkuus yosiBaeT; Ha yuacTke (3/4; o) pyHKIuSA
BO3pacTaer.

KoHTponbHbIE BOIPOCHI

1.KakoB reomeTpru4eckuii CMbICI TPOU3BOJHON (DYHKIIUU?

2.KakoB npu3Hak Bo3pacTaHus GyHKIUU?

3.KaxoB npuzHak yobiBaHus QyHKIUN?

4.KakoB nmpu3HaK MUHUMYMa (QYHKIUU?

5.KaxoB npu3Hak Makcumyma G yHKIUU?

6.Yemy paBHa npou3BoHast PyHKIMH B TOUKE MUHUMYMa HJIM MaKCUMyma?

3aganusa
.Haiitn 3KcTpeMyMBl 1 TOYKM MUHUMYMa U MAaKCUMyMa, Y9aCTKHA BO3PaCTaHUS U yObIBAaHHS

byHKuun:



1)y=x*-1; 2) y = (1/3)x3-(3/2)x2-4x+6;
) y=4x>-12; 4)y=x°

5)y=3x36)y=x? — 6x + 3

7)y=-2x?> + 8x —5

CamocrosiTeJibHAsi pad0Ta HA 3aHATHM:
Haiinure nuddepennman GyHKiumii:

1—x" CoSX

Ly=x’cosx; 2)y=—/—; 3)y=
Uccnenyiite GyHKITMU ¥ IOCTPONTE MX IPaPUKH:

1) Y=(1/3)x3-9x

2) Y=3x3-x

3) Y=2x3-5x%-12x+2

4) Y=x*4x3-8x?-1

5) Y=x*+x?/2-1

6) Y=x3+3x%-4

7) Y=x*+4x3-8x2-5

8) Y=3x*4x3

9) Y=-(1/4)x*+2x?

10)Y = -3x°+5x3

1—sinx

IIpakTnyeckoe 3ansitue Ne 7-8-9.
Haxo:xknenue nepBoodpa3Hbix. MeToa nmoacTaHOBKU. BhIlunciieHne MHTErpasioB.
Boruucienue niomajaeii u 00bemoB. Pemienne gusnyecknx U TEXHUYECKHUX 3aa4.

[ensb:1) ®opmupoBaHue 00X KOMIIETEHIIHI:

OK 01. BeiOupare crmocoObl  pemieHuss 3ajad  Npo(ecCHOHAIBHOM  AeATeNbHOCTH,
NPUMEHUTEIBHO K Pa3IMYHbIM KOHTEKCTaM.
OK 02. Ocy1iecTBiATh MOKMCK, aHAJIM3 W MHTEpHpeTanuo MH(opMaruu, HeoOXO0AUMOM

JUTSI BBITIOJIHEHUS 3a71a4 TPO(HEeCCHOHATIbHOM e TEIbHOCTH.

2) 3HaTh ompenereHne NepBOOOPa3HOM, TPaBUiIa BEIYUCICHUS HHTETpaja, TabIUIly HHTErpaloB
AJIEMEHTApHbIX (PYHKUINN

3) YMeTb BBINOJHATH WHTETPUPOBAHUE JIEMEHTAPHBIX (YHKLNH, 3aMEHON INepeMEHHBIX, IO
YacTsIM.

Kpartkas Teopus
[TepBooOpasnoii ¢yHkimeit mis Boipaxenus f(X)dxuaseiBaercs dynkuus F(X), muddepenunan
kotopoir paseH f(X)dX. Omnako nuddepenimany GyHKIHH COOTBETCTBYET HE €IMHCTBEHHAS
nepBooOpa3Hasi, a MHOXXECTBO HMX, NMPUYEM OHM OTIMYAIOTCSA JPYr OT JIpyra MOCTOSHHBIM
CJIaraeMbIM.
CoBOKYITHOCTh BceX mepBoodOpasHbix ¢yHkiui F(X)+C ms muddepennuana f(X)dx HassiBaeTcs
HEONpeNeNeHHbIM — HWHTerpaqoM M obosHawaercs | f(x)dx.  Takum  o6pasom
[f(x)dx=F(x)+C, rne f(x)dxua3biBaercs MOJBIHTETPAbHBIM BhIpaxeHuem, a C —
NpPOM3BOJIbHASL  TOCTOSIHHAs ~HMHTErpUpoBaHMs. [Ipolecc HaXOXAEHHS — IMEepBOOOpa3HOM
Ha3bIBACTCS MHTETpUpOBaHueM. HTerpupoBanue — eiictue, oopaTHoe auddepeHImpoBaHHmio.
Csoticmea HeonpedenenHo20 uHmezpaia.
1) nuddepennman HEONPENENIEHHOTO HWHTErpalia paBeH MOABIHTEIPAIbHOMY BBIPAKEHUIO:
df F(x)dx = f(x)dx;
2)HeonpeaesieHHbId nHTerpan ot auddepennrana GyHKIIMNA paBeH 3TOW QYHKIIMH, CI0KEHHON
C IIPOU3BOJIBHOW ITOCTOSIHHOM:
[dF(x)=F(x)+C;



3) MOCTOSIHHYIO BEJTMYMHY MOKHO BBIHECTH 32 3HAK MHTETpPaIa:
J a-flx)dx=a- J-f(x]dx,
4) wuHTErpajl CyMMbl WM Pa3sHOCTH (YHKIUM paBeH CyMME WM Pa3sHOCTH HMHTETPajoB:

JTIf(x) + g()]dx = [ f(x)dx + [ g(x)dx.

DOpMYIbL UHMEZPUPOBAHUSL:
m+1
1/ x”dx::;? +C. rue n£-1; 2)_]"1—1 =Inlx| + C;

3)[e¥dx =e* + C; 4)[ sinxdx = —cosx + ¢;
5) [ cosxdx = sinx + C,
[Tpumep 1.

=41 _ x2 1 _ dx _ e
_r . dx = _Ir(? +; :']dX—_Ir xrix+f ~ -7 + In|x|+C.
Humezpuposarnue cnoco6om noocmanosku

[Tpumep 2

J (1 + x)°dx. THonoxum 1+X = z; npoxudepeHImpyeM 3TO PaBEHCTBO:
.d(1+x)= dz; dx=dz; 3ameHuM B HHTErpae:

[(1+x)%dx=[z8dz =% +C.

Hnmezepuposanue no uacmsam

| fdg=fg- | gdf

[Tpumep 3

[ xsinxdx =?

[Monoxumf = x ;dg = sinxdx; df = dxg =-cosx.

nonyuum [ xsinxdx = X-(-cosx)- [ (—cosx)dx = -xcosx+sinx+C
KonTposbHbie BOonpochl

1. Maiite onpezaeneHue neppooOpasHoi pyHKINH.

2. laiiTe onpeelieHue HEOIIPEIEIEHHOIO HHTETpaIa.

3. YTo Ha3bIBAIOT MOABIHTETPAJILHBIM BbIpasKeHUEM ?

4. Copmynupyiite cBOHCTBA HEONPEAETICHHOTO HHTETpaja.

5. Honummre GopMyIibl HHTETPUPOBAHMUS:

[ x™dx=?; j‘:—“:?; [ e*dx=?; [ sinxdx=?; [ cosxdx =7.

3ananust
1) xdx; 2) [x*dx; 3) [ 5dx;4) [(2— x)dx;
5) [(3x — x%)dx ; 6) [ x?(1 + 2x)dx ;

7) fxzﬂx ; 8) [ sin2xdx ; 9) [ cos5xdx,

1+x®
10) f(1 — x)sinxdx
Bolunc/ieHne miomaa KpUuBoOJIUHEHON Tpaneuuu
Llenb: 1) @opMupoBaHue OOUIMX KOMIETEHIUI:

OK 01. Breibupate cmocoObl  pemieHus 3agad  npodecCHOoHATbHOM  IeATENbHOCTH,
IIPUMEHHUTEIBHO K Pa3IMUYHBIM KOHTEKCTaM.
OK 02. OcyiecTBIATh MOUCK, aHAU3 M UHTEpIpeTannio MHGopManuu, HeoOXOoauMOn

JUISL BBITIOJIHEHUS 3a]1a4 PO EeCCHOHATIBLHOM 1S TeTbHOCTH.

2) 3HaThb TEOMETPUYECKUN CMBICI ONPEEICHHOTO HHTETpaia, alTOPUTM BBIYMCIICHUS TUIOMIAIN
KPUBOJIMHEHHOM TpPaIlCLUH.

3) YMeTb BBIYMCIATH IUIOIIA b KPUBOJIMHEHHON Tpanenun

Kparkas Teopust
[Mpupamenne F(b)-F(a) mro60it u3 nepBoodpa3ubix ¢pyukuuii F(X)+C npu n3MeHeHnn aprymenTa

_ _ b
0T X=a 10 X=b Ha3bIBaeTCA ONMpPEACIIEHHBIM HHTEIPAIIOM U 0003HAYAETCS: _IFE Flx)dx .



f: f(x)dx = F(b)=F(a), rae a- HwkHuii npeaen nHTerpaia, b- BepxHuil mpeaen uHTerpaa.

J{ns1 BeIUKCIEHUS ONPEIETICHHOTO UHTErpasa f: f(x)dx HY)XHO HATH COOTBETCTBYIOIINI
HEoIpeAeNeHHbI HHTETpall, B IOJYyYE€HHOE BBIPa)KEHUE MOJCTABUTh BMECTO X CHavasla BEpXHUH,
a 3aTeM HIDKHUN MPEJIeIibl ONPEIeICHHOr0 HHTEerpaia U U3 IEPBOro pe3yabTaTa BEIYECTh
BTOPOM.

7 fGxydx= F()"a=F(b) - F(a).

[Tpumep 1

_I":’JE cosxdx=sinx|"% = sing -sin0=0,5.

Ceoticmea onpeodenieHHo20 unmespana:

1) f: C-f(x)dx= C-_rﬂb f(x)dx, rae C-mmocTosHHAS BEJIMYKMHA.

2) [JIf () + g@)]dx =[] f(x)dx+ [ g(x)dx

3) [ flx)dx =- [ f(x)dx

[Tnomans Gurypsl, orpanndenHoi kpuoit Y=f(X) , rae f(X)>0, ocbr0OX 1 IByMs MPSIMBIMUX=a U
X=Db, BbIpakaeTcs OmnpeIeICHHBIM I/IHTeraJIOM_I': flx)dx.

[Tpumep 2

OnpenenuTs miomans GUrypsl, 3aKIF0UEHHON MEXTy BETBBIO KpHBOil Y=X2, ocbio OX 1
HPSIMBIMU X = 0,;{ =3. ;

S= f;xzfix:xgl‘q‘o =3;- =9

KonTpoJsbHBIE BOIPOCHI

1./laiiTe onpenesieHNE ONPEACICHHOTO HHTETpalia.

2.Kax BBIUMCINTD ONPEEIICHHBIN HHTErpan?

3.KakoB reomeTpuuecKuii CMBICI ONPEIEICHHOTO HHTEeTpaia?
3amanusa

Haiitn onpenesieHHBIN HHTETpa:

1) J),x%dx;  2) [j(2x+ 1)dx; 3) [7Zdx;

mf3 _, /6
4) fﬁ sinxdx ; 5) fu cos2xdx
BbruucnuTh niomnia e KpUBOIMHEHHOMN Tpanenuy, NoJy4eHHON Mex 1ty rpadukoM QyHKIUH
y=x3u npsameivmuy=0, X=2, X=4.
BbruucnuTh niomia s KpUBOIMHEHHOMN Tpanenuy, NoJy4eHHON Mex 1ty rpadukoM (QpyHKIHH
y=2C0sX, mpsmeiMuy=0, X = 0, X = =,

CamocrosiTeibHas paGora ]
Beruncnure uHTEeTpat:
D)J(2-3x)%dx; 2)lsin(8x+5)dx; 3) Jcos(5-x)dx

Hl==dx; 5)ldx; 6) [ (x + 5)dx

1+x®
TI(3x-1)cosxdx ; 8)[(3-2x)sinxdx; 9) [(Inx/x)dx;
10) J(dx
11) Beruucnuts miomniaab KpUBOJIMHEHHON Tpanenuu, o00pa30BaHHON JIMHUSAMU:
Ay=x*y=0;x=2;x=4.
b) y = x3+3x; y=0; x=1; x=5.



IIpakTuyeckoe 3ansitue Nel0.
Onepauuu HaJg MaTpULIAMM

Lens: 1) ®opmupoBanue OOIMMX KOMITCTCHIIHIA:

OK 01. BeiOupare crmocoObl  pemieHust 3agad  Mpo(ecCHOHAIBHOM  JEATENbHOCTH,
IPHUMEHHUTEIBHO K Pa3IMYHBbIM KOHTEKCTaM.
OK 02. Ocy1iecTBIATh MOKMCK, aHAIM3 W WHTEpHpeTanuo HH(opMaruu, HeoOXO0aUMMOM

JUTSL BBITIOJTHEHUS 331249 TPOPECCHOHAIBHON JEATEIHHOCTH.

2) 3HaTh ompenercHUE MaTpPUllbl, BUIb MATPHUIIbI, MpPaBUJA BBHIIOJHEHUS JIEUCTBUM HaJ
MaTpUIIAMU

3) YMeTh BBINIOJHATH CIOKEHUE, BBIUUTAHUE U YMHOKEHHE MaTPUIL

Xo0 pabomeur:
Kparkas Teopusi
MatpuyHbie MOCIN MIPEACTABISIOT COO0M MOJIEIH, ITOCTPOSHHBIC B BUIE TaOIHIl (MATPHII).DTH
MOJIEJIM HaXOJAT IIUPOKOE MPUMEHEHHE TP PEIICHUH MJIAHOBBIX WM YIKOHOMUYECKUX 337a4 U
npu 00paboTKe OONMBIIMX MAacCHBOB MH(popMarmu. Marpuia — IpsMOYTOJIbHAs TadJIMIa YHCe.
Hampuwmep:

TOBAp Cxnap 1 Cxuag 2 Cxuap 3
Caxap 200 100 150
Coupb 350 200 180
MyKa 400 250 260

DTH TaHHBIE MOKHO 3aIUCaTh B BUC MATpHUIIbI (*)
200 100 150

350 200 180 =A (%)

400 250 260
KoadduineHTs! npu HEN3BECTHBIX CUCTEMBbI TMHEHHBIX YpaBHEHHH

3x-5y+z=14

X+3y-72=-22

2X+y-3Z=-6 MOXHO 3aIKcaTh B BUJI€ MaTPHIIBI (**)
3 -5 1

1 3 =T7=AC"

2 1 -3

Marpuna-npsimoyrosnbHas Tabauna — uyucen. Jio0oe 4YHMCIO Takoro MaccuBa Ha3bIBAETCSA
AJIEMEHTOM MaTpullbl. P 4ducen, pacnosiO)KEHHBIX B MaTpULE TOPU3OHTAIBHO HA3bIBACTCS
CTPOKOH, a BEpTUKAJIbHO — cTOJ010M. KonnuecTBo CTpok — M, KOJIMYECTBO CTOJIOLOB — N, €Clu
M=N — MaTpuLa KBagpaTHas
Pa3zmepHOCTH MaTpHUIIbl — KOJTUYECTBO 3JIEMEHTOB B HEM.

_all al2

a2zl a2
Boobpaxaemass TUHHS KBaJpaTHOW MAaTpPHIIBI, MEpeceKaronas €€ OT aii J0 amn Ha3bIBaeTcs

IJIaBHOM JuaroHanpro.KBajgpaTHas Marpuna, B KOTOPOM BCE AJIEMEHTBI, KPOME PaCIIONIOKEHHBIX
Ha TJIABHOM JMAaroHaja, PaBHbI HYJIO, Ha3bIBAC€TCA AUArOHaJIbHOM. J[MaroHajbHas MaTpuLa, y
KOTOPOM BCE JJIEMEHTBI, PACIOJIOKECHHBIE I10 IJIaBHOM JUArOHaly — €IWHHULBI, HA3bIBACTCA
€ IUHUYHOMN.

Marpuiia, cocTosmiast U3 0JTHOTO CTOJI0Ia, HA3bIBAETCS BEKTOP-CTOIOLIOM.

Martpuna, cocrosmias U3 OJHOW CTPOKH, HA3bIBAETCS BEKTOP-CTPOKOM.

CymMmoii (pa3HOCTBIO) IBYX MaTpull A U B, uMeronmx McTpok HNCToa0110B, Ha3bIBACTCS
MaTpulla, OJyYeHHAas B pe3ysbTaTe CI0KEHUs (BBIUUTAHUS) OJJHOUMEHHBIX 2JIEMEHTOB MaTPHI]
A u B. [Tonyyaemas B pe3ynbrate MaTpuisl C UMEET TY K€ pa3MEepHOCTb M*N.

Matpuiy MO>XKHO YMHOXKHUTb Ha YHCJIO, U 9TOTO HAZ0 HA 3TO YHACIO YMHOXKHTH KayKIbIN
JJIEMEHT MaTPHULIBIL.

YMHOKE€HHE MaTPULIBI-CTPOKH Ha MAaTPUILY-BEKTOP:



A=(al, a2, a3) —BeKTOp-CTpOKa.

b1
B= |b2 | - BekTOp-CcTONOECIT

b3
C=A*B = ay-b1+ az-br+azbs :Ei-i:l ai - bi
[TpousBeaeHneM IByX MaTpHil - MaTpuilbl A(M-N) Ha matpuily B(n-p) — Ha3biBaeTcst
matpuraC(m-p), KaxIaplii 3JIEMEHT KOTOPOH BBIYUCIISCTCS 10
n
opmye: Cij = > aik-byj
k=1
KonTposbHbIe BONPOCHI
1. JaiiTe onpeneneHne MaTpHUIIbL.
2.YUt0 Ha3bIBAIOT 2JIEMEHTAMH MaTPHIIBL.
3.Kakas marpuna Ha3piBaeTcs kBaapaTHoi? JluaronansHoi? EquHUUHON?
BekTop-cTonbiom? BekTop-cTpokoii?
4 JlaiiTe onpeesieHne CyMMBbI MaTPHIL.
5.ChopmynupyiiTe npaBUIO YMHOKESHHSI MATPHUIIBI HA YUCJIO.
6.ChopmynupyiiTe npaBuiIO yMHOKEHUSI MATPHUILI.

3aganns

> 6 -p

1. C10XUTh MaTpPULIB| i g|= A; | 6 o

2.Bbruecth U3 MaTpHibl A MaTpuily B: A:|‘SI 7 ; B=| 23 B
8 6 1 4
5
3. YMHOXHTH MaTpully A Ha matpuiy B:A=|2 3 4|, B=|6|.
7
4. CIIOXHTh, BBIYECTh M YMHOKHTH KaX Iyl MATPHILy Ha 5 :
1 8 -5 9 -1 2
0 1 -1 2
A)A= nuB= 0)A=| 7 6 4 B=|6 3 1
4 -8 3 -4
-1 3 2 4 -8 17

IpakTHyeckoe 3ansaTue Nell.
Broruunciienune onpeaeauTess MATPUIbI

Llenb: 1) @opMupoBaHue OOLIMX KOMIETEHIUI:

OK 01. Breibupate cmocoObl  pemieHus 3agad  npodecCHOHaANbHOM  IeATENbHOCTH,
IIPUMEHHUTEIBHO K Pa3IMUYHBIM KOHTEKCTaM.
OK 02. OcymecTBIATh MOUCK, aHAU3 M UHTEpIpeTalnuio MHGopMaluu, HEoOX0aMMOn

JUTSI BBITIOJTHEHUS 33724 TPO(eCCUOHATBLHON eI TebHOCTH.

2) 3HaTh oOmpeaereHUE OMNPENCTUTENs] MATPHUIbl, AJITOPUTM BBIYUCICHUS OIMPEICTUTEIS
MaTpHUILIBI

3) YMeTh BBIUUCIATH ONPEACIUTENh MAaTPHIIBI; PEIIaTh MPUKJIATHBIC 33]]a4H C UCTIOJIb30BaHUEM
ONPEACIUTENS MATPHULIBIL.

Kparkas Teopus
Onpenenurens BTOPOro MOPsAKa BHIYUCISIETCS IO popMyIie:



a, a
11 12 )
AA= =y, Ay, —0,yd,, PE3YIbTAT BBIUUCIECHUS — JI000€ JEHCTBUTENBHOE
ay; Ay
YHCIIO.
2) Jlig BBIYMCICHUS OMPENETUTENs] TPEThero mnopsjaka (MaTpuilbl 3%3) TPUMEHSIOT
npaBwio TpeyroibHuka (Cappyca), MO KOTOPOMY COCTaBIsiOT (OpMyily, aHAJIOTHYHYIO
dopmyne nyHkra 1.

«t» «=»
OJjeMeHThl TJIaBHOW [MaroHaad M ee Napajiesiell YMHOMKAIOTCS CO 3HAKOM  «ILTIOCH,
9JIEeMEHThl NOOOYHOM  JuaroHalM M €€ [apaieled — €O  3HaKoM  «MHHYC»,
TOr/a:

ay Ay Gy
AA=|ay Gy Ay =0y Qpy Ayt Ayy*Agy - Qyg+0yy Aoy Agy = Azy - Ay~ iy —Agy - Uy~ gy — gy Ay - g

d3; U3y Ui

3) JInst BEIYMCIICHHUS] MATPHIIBI, OOPATHOM TaHHOM, HEOOXOIUMO:
1. Haiitu onpenenutens A 3a1aHHOi MaTpullsl o popmynam nyHkra 1 u 2.
2. Haittu anrebpanyeckue TOMOJHEHUS 110 GopMyiam:

a,, a a a
11922 Ay +2|%1 23
A11:(_ 1)1 ) A12:(_ 1)1
a3, A3 a3y Q33
a a
+3 |921 22
A13 :(_ 1)1
dsy ds;
a,, a a a
241y i3 2+2 |1 13
A21:(_ 1) ' 4y, :(_ 1)
A3, dg3 A3y dg3
a a
2+3|%1 12
A23 :(_ 1)
ds; s,
a a a a
311 (G2 3 3+2 |11 13
A31_(_ 1) ) Asz —(_ 1)
Ay dy3 dy; Ay
a a
3+3 |11 12
A33 :(_ 1)
ay  dy
4, A, A5
3. CocraButh mMatpunly: | Ay, A,, Ay
Ay Ay Ay
TparcnopTupoBaTh €€ (CTPOKU U CTOJIOIBI TOMEHSTh MECTAMM )
4, Ay Ay

AT =| 4, A, Ay, | 1 HaliTH 0OpaTHYIO MaTpuIly 1O GopMmye:
AlS A23 A33



Ay A Ay
A A A
A= Ay Ay Ay
A A A
A A Ay
A A A

4. IIpoBepka MpoU3BOAUTCSA 11O HOpMYJIE:
1 0 O
A-A*=E=|0 1 0
0 0 1

[Ipu pemenuu cucteMsl ypaBHeHui no gpopmynam Kpamepa Heobxoaumo:

1) Haittu onpenenurens A MaTpuibl CHCTEMBI, KOTOpas COCTOMT U3 KOI()(QUIHEHTOB
IPU HEU3BECTHBIX X, Y, ZI10 MPaBUITy TPEYroJbHHKA.

2) CocTaBUTh MaTpPHUILy-CTOIOCI CBOOOIHBIX KOA(PPHUIIMEHTOB.

3) Haiitu ompenenuTesns mpu NEpBOM HEM3BECTHOM (X). i 3TOro HYXXHO BMECTO
NIEPBOTO CTOJIOIA MATPHUIIBI CUCTEMBI MTOJICTABUTH CTOJI0CI CBOOOTHBIX KOI(PDUIIMECHTOB 1 HAUTH

Ax.

4) Ananoruuno onpenenuts AY u AZ.

AX Ay Az
5) Haiitu X, Yy, Z o dpopmyitam X = —, Yy = ——, z = ——, Crenarb IPOBEPKY.
) y opmy. IVIRADY, v pOBEpKY

6) Ecrm A = 0, To cuctema pemennii He nMeer.
[Ipumep permeHns cucTeMsl TPEX JTUHENHBIX YPABHEHUH C TPEMsI HEM3BECTHBIMU 110
dopmynam Kpamepa
811X +a1pXp Ta3Xg =by
81X Hag X TaxX3 =)
A31% +agpXp +a33X3 = b3
Koaddurments! npu HEU3BECTHBIX COCTABJISIOT MATPHUILY CUCTEMBI A

1 %42 %3
A= 8y1 89 8ng , a CBOOOAHBIE KO3(PPUIIEHTHI
931 %32 %3
by
Marpuiy — cronoen B = b2
b3

det A=A (ompenenuresnb CHCTEMBI)
A1 %2 A3
A=l8y 8 Ay
431 %32 433

#0



Ecnu B onpenenurene moovyepeHo MEHATH cTonder Ko3(huunueHToB mpu xi, X2, X3 Ha
cToJioerr CBOOOTHBIX KO3(PPHUITMEHTOB, TO MOTYIUM CIICAYIOIINUE OTIPEICTUTEH:

b, a, al3 a;; by a3
AX; =y 8y a AXy=lag Dby ap
by ag ag 31 by ag
1 P2 By Ax AX,, A,
Ax3=a21 a22 b2, moedaxlzT, XZZT’ X3:T
43 a3 b3

Pewenuem cucTtemol 6y,[[eT ABJIATBCA KOHCYHAas IMOCICAO0BATCIBbHOCTh 4YMCCII C1, C2, C3,
IIPU KOTOPBIX KAKAOC YPABHCHUEC CHUCTCMBI o6pamaeTc51 B BCPHOC YHCIIOBOC PAaBCHCTBO.

OCOOEHHOCTH PEILCHHUS:
A =0, Axi #0,1=12,3 cucmema pewenuii ne umeem

1
) AXi 1 5 3 =0 xoagduyuenmuvl npuHeussecmubvix NPONOPYUOHLILHBL

Cucrema UMeeT MHOYKECTBO PELICHU.
[Ipumep 1. Pemutsb cucrtemMy ypaBHEHUI:

5x+8y+2Z=2 @
3X-2y+6Z2=-7 (2
2X+y—-2=-5 (3)

Pemenne:
5 8 1 2
A=|3 -2 6 B=|-7
2 1 -1 -5
Z:£:10_7:_1 (_3;2;_1)
A =107
IIposepka:

Ortser: (-3; 2; -1).

Merton I'aycca (MeTo HCKITIOUEHUS TTIEPEMEHHBIX )

1) Ha mepBom MecTe B cucTeMe YpaBHEHHH JOJDKHO CTOATH ypaBHEHHE, KOX(P(DUIIUEHT
nepe/1 MepBbIM HEM3BECTHBIM B KOTOPOM CaMbIii HAMMEHBIITHH.

2) MHckmouuTh TOCIENOBATENBHO TIEPEMEHHBIE W3 YPaBHEHHMH IyTeM YpaBHEHHS
K02 PUITMEHTOB TIepeT HUMU U aNTeOpandecKoro CI0KEHHUS.

Ilpumep 17:Peminth CUCTEMY YPaBHEHUN:
X+2y-Z2=4 (1
2x—-y+3Z2=9 (2
Xx—=2y+2Z2=3 (3)



Pewienue:
1) IMepenumem cucteMy B BUJIC

X=2y+2Z=3 @D 2
X+2y-Z2=4 (2
2Xx—y+32=9 (3)

X+2y-Z =4

@-(1)3 x-6y+6z-9 &

8y-7Z=-5

2X—y+3Z =9

@-D2 o oyraz-6 @

3y-Z=3

2) 3anuiineM HOBYIO CUCTEMY:
X-2y+2Z2=3 (1)
8y-72=-5 (2)'3
3y-2=3 (3)' 8

(3)-8-(2)-3

24y —8Z =24

2y —21Z =-15

132 =39 (3)"

3)

X—=2y+2Z2=3 (1 8y -21=-5

8y-72=-5 (2)) = Z7=3,8y=16 X—2-24+42-3=3
132 =39 3" y=2

x=1

3:1+2-2-3=4 4=4(B)
Ilposepka:12-1-2+3-3=9 9=9(B)
1-2-2+2-3=3 3=3(B)
Otser: (1; 2; 3).
IMpakTnyeckoe 3ansaTue Nel?

Pemenue oqHOPOAHBIX AU (P (PepeHHATBLHBIX YPABHEHUH NIEPBOro MOPAIKA Pa3JIHYHBIMH
crnocodamu

[enb:1) ®opmupoBaHue 00X KOMITETEHIUI:
OK 01. BeiOupare crmocoObl  pemieHHst 3aad  Mpo(ecCHOHAIBHOM  AEATeNbHOCTH,
IPUMEHHUTEIBHO K Pa3IMYHBIM KOHTEKCTaM.



OK 02. OcyIecTBIATh MOUCK, aHAIN3 M MHTEPIPETALUI0 WH(pOpMAIMH, HEOOXOAUMOM
JUIs BBITTOJIHEHUS 3a]1a4 IPO(PECCUOHATIBHOMN 1A TETbHOCTH.

2) 3uaTh ompenelnieHue OMHOPOAHOro IupdEPEHINAILHOTO ypaBHEHUS, AITOPUTM PEIICHUS
OJITHOPOJHBIX U] PepeHIHaNbHbIX YPABHEHUH IEPBOrO NOpsiiKa

3) YMeTh pemaTth OAHOPOAHbIE Au(PepeHIaTbHbIC YPaBHEHHS

Kparkas Teopus

JubdepeHimansHpie ypaBHEHUs O3BOJISIIOT PEIUTh MHOTUE PUKIIAIHBIC 33/1a4H.

[Tpumep 1

[1py ruIaHUPOBAHUK TOBAPHBIX 3aI1ACOB B JHSX 1I€J1€CO00PA3HO UCIIONBb30BaTh ypaBHeHHe Ydy=(
Z v

b+-)dx, rae y- onHoAHEBHBI 060POT KBapTala; X — 3aachl B AHsX;a 1b —1apaMeTpsl

ypasuenust; a=20; b=40. Haiitu perienue 1aHHOTO ypaBHEHUSI.
Peutenue. [ vdy = [(b + E) dx;

}_1
—= 40x+20-In|x|+C
Muorue muddepeHiaibHbie YpaBHEHHUS, HE SIBISSCh YPABHEHHUSIMU C PA3ICIISIOIIUMUCS
HEPEMECHHBIMH, HPUBOASATCS K HUM C MOMOLIBIO 3aMEeHBI IIepeMeHHbIX. K TakuM ypaBHEHHUSM
. dy _ ¥
OTHOCSATCSl OJHOPOJHBIC YPaBHEHUsI, OOIIUIT BH]T KOTOpI)IXd—}: f(;). *)
X

[Ipu perieHny TaKuX ypaBHEHUH JeTaeTcs 3aMeHa IepeMeHHoi Y o gpopmyney=u(X), rae u—
HOBas IepeMeHHas. Toraa

dy du ¥ dul
ri_} = d—X +U,al= ; HO,Z[CT&BJ'IHH 9TH BBIPAXKCHUA B YPABHCHUC (*) l'IOJ'Iy‘II/IMd—X'FU = f(U), T.C.
x x x
du dx
YpaBHCHHUE C pa3aCIdrOIUMUCS IICPEMCHHBIMU. PaSI[eJ'IHH MNCPEMCHHLIC l'IO.]'Iy‘IEIeMj__I,hl::I N = —,
WL x

Wurerpuposanue gaet O(U) — In|x| = C, rae ®(U) — oxHa U3 IEpBOOOPA3HBIX (HYHKITHI
GyHKIUH . 3aMeH${${U:i oJIy4aem

cD(j—r)-In|X| = C. MHOXeCTBO peUIeHNH, TaBaeMbIX 3TOH Gopmyoid. J{oimKHO OBITH JOTTOTHEHO

pereHus MU Buia U = Uo, ecitr f(Uo)-Uo = 0, mitu
Y = UoX.
[Tpumep 2

dy
Pemuts nuddepennmanbuoe ypaBHeHHE -
X

Pemenne
PasjenyM ¥ YKCIUTENh ¥ 3HAMEHATEND Ha X2
dy d

— = = U, NOJyYUM
dax ’ yH

“=X + U=
dx
du du du u—u?

—X+U= , HIn—X = — U, —X= 2

dx’ dax dx  1+u

Lnj=—| - In|x|=InC; y = (y*-x*)C

JIuneiinpiM audQepeHnaTbHbIM YpaBHEHHEM MIEPBOTO MOPSIIKa HA3bIBACTCS YPABHCHHE BH/IA
% =f(x)y + q(x), rae dynkiuu f(x)uq(x) HenpepwiBHbI Ha nHTEepBaie (a,b). Eciu q(x)=0, To %=
Flx)

f(x)y. Pemenue nociemuero ypaBHeHust MOKET ObITh B BUje:y = Ce™** rneF(X) —
nepBooOpa3Has GpyHKIMs Mo oTHOIeHHO Kf(X). DT0 ke ypaBHEHHE MOKHO MPUBECTH K
YPaBHEHUIO C Pa3AeSIFOIIMMUCS MTEPEMEHHBIMH.

ITpumep 2

Haiitu oO1iee perenue ypaBHeHUs % - = (x+1)?

Pemenne
Dto0 nuHeitHOE ypaBHeHHeE: 371ech f(X) = -q(X) = -(X+1)?
[Tonoxum Y = UZ u npoauddHepeHuupyeM 3TO paBEHCTBO 1O X:



d d
d} = uri + Z— IIOZICTABUM TEIEPb BBIPAXKEHUS U1 Y U —}B JJAHHOE YpaBHEHUE, MTOIy4UM u— +
. X

du
z—-= (x+1)2
Unu u— + z( - )= (x+1)2 O
TaK KaK OJJHY U3 BCIIOMOI'aTCJIbHBIX (by'HK]_[I/Iﬁ UNJIU Z MOXKHO BI)I6paTB IMPpOU3BOJILHO, TO B
o du
KauCCTBC BO3bMCEM OJJHO M3 YACTHBIX PCHICHUHN YPABHCHUA d— - = 0 Pa3IIeHI/IB B OTOM

YPABHEHUHU NIEPEMEHHBIE M MHTETPUPYS, HMEEM ﬁ;j -=0; [= - _r —iInjul = 2 Injx+1];

U = (x+1)? IloacTaBuM Tereph BhIpaKeHHe I U B ypaBHEHHE (*), Torz[a TIOJTyYMM YPaBHEHHE
(e + 5=t D% =l

oTcrona HaxoauM [ dz = _r(x + 1)dx;

(x+1)"

z=——+C

Hony;aeM ob1ee pemetne

y=uz=(x+ D)4

Y =& ¢ (x4 1)

3a)lan;m

Hatitu o6miee pemeHHe b hepeHIMaTbHBIX YPaBHEHHIH
DE+=;22.=; 2+ =

4) (y xy)dx + (x+xy)dy 0; 5)(xy y)dx-(x-xy)dy = 0
6)(y+x*y)dx — (xy* —x)dy =0

IIpakTnuyeckoe 3ansitue Nel3
Yucaosble psaabl. Paznoxkenue pynkuuu B psig Makiiopena

[ensb:1) ®opmupoBaHue 00X KOMIIETEHIIHI:

OK 01. BeiOupare crmocoObl  pemieHHst 3aad  Npo(ecCHOHAIBHOM  AeATeNbHOCTH,
NPUMEHUTEIBHO K Pa3IMYHbIM KOHTEKCTaM.
OK 02. Ocy1iecTBiATh MOKMCK, aHAJIM3 W WHTEpHpeTaluio MH(GOpMaIi, HeoOXOaUMOil

JUTSI BBITIOJIHEHUS 33714 TPO(HECCHOHATIBHOM e TEIbHOCTH.

2) 3HaTh ompeaeNieHHe YMCIOBOIO psja, NMPU3HAKK CXOAMMOCTH psijia, MPUEMBl pPa3IOkKEeHUs
(GYHKIIUM B UACTIOBOM PAI.

3) YMerp pemaTh NPUKIAIAHBIE 33Jaud HA OIpPENENEeHUE CXOJUMOCTH psijia, BBIIOIHAThH
paznokeHue QyHKIMH B psia MakiopeHa

Kpartkas Teopus
BeckoneuHast mocie0BaTeIbHOCTD YMCEN, COSAMHEHHBIX 3HAKOM CIIOKEHHUs Ur+Uz+. .. Un
Ha3bIBACTCS YUCIIOBBIM psioM. Beipakerue Un = f(n), rae f(n) dyukius HatypamsHOTO
apryMeHTa, Ha3bIBAETCs OOLIUM YJIEHOM Psjia. 3alUCh PAMA: Zo=q Un . (%)
Yacrasie cymmsl psiaa: S1=Us; So=U1+Uz; Sz=U1+U>+Us;. ..
Sn=U1+Uz+Us+...Un
[Toryuniachk MoCIeIOBaTEILHOCTD: S1, S2, S3,...5n
Ecnu npenen nll_lggc S5nh= ScymiecTByeT, TO psJI Ha3bIBAETCS CXOISIIUMCS, @ €T0 CyMMa paBHa S.

Eciu lim 5, GeckoHeueH uiaM BOBCE HE CYIIECTBYET, TO psi (*) HA3BIBAETCS PACXOIAIIAMCS.
=00

ITpumep 1
HccnenoBaTh psii Ha CXOJUMOCTb

+ ot At B, ——
nin+l) n=lnintl)

Pemenue



Hapno y3Hats cymecTByeT mpeaeil CyMMbl YJI€HOB WM HET.

o 1
[IpenacraBuM KaK/IbIi YjIeH psaaa B BUIC D +

Torga cymMmMy MOXHO MPECTABUTD:
Sn=0-)+(-)+(- )t H-)+(-)=1-

1
lim $,=lim (1 ——) =
1 =00 n F1=+00 [ nt+l ) 1
CrnenoBarenbHO PsIi UMEET MPEeIT U TIOITOMY SIBIISICTCS CXOISIITIMCS.
Heo0xoauMbIM yCITOBHEM CXOAMMOCTH psijia siBisiercst lim Uy, =0.

1 —oo

JlocTaTo4HbIC TPU3HAKH CXOUMOCTH Psijia
— Ilpusnax [lanambepa
Lim[(Un+1)/Un]= p; ecnup>1 — psia pacxoautcst:p<l- ps CXOAUTCS N—00
p=lHeorpeseneH.
-Ilpusnax Kowu
Lim (Un)""=p; ecitup>1 — psn pacxoaurcs: p<l- psm cXoaures
N—o0
p=lHeormpeeneH.
-IIpusnak cpasnenus: Ecau ms psanos Ur+Uz+Us+.. .Unt... Vi+Vo+Vs+.. . Vpt... cymiecTByer
KOHEYHBIN Ipeae
Lim (Un/Vn)=K, rae K>0 Ttoraa oba psiaa 0MHOBPEMEHHO CXOIATCS HIIH
N—oo
pacxoastcst. McceayeMplit psii CXOAUTCS, €CIH €r0 YWICHBI HE MPEBOCXOST COOTBETCTBYIOMIMX
YJICHOB JIPYroro Psijia; 3aBEJ0OMO CXOAsIIerocs. MceaemyeMblit psii pacXOaUTCs, €CIH YWICHBI
IPEBOCXO/ISAT COOTBETCTBYIOIIUE YWICHBI JPYTrOro 3aBEJOMO PACXOAIIEIOCS Psiia.
[Tpumep 2
HWccrnenoBaTh psii Ha CXOJMMOCTh
;;'::1?;_—:: + + A
Pemenue
nll_:t;l;lc .(Un+1)/(Un).:nh_1>];1C
[Tpumep 3
UccnenoBars psig HA CXOIUMOCTh

Z i)
n+1

2{n+1)5"

5™ 2n

= <I, psna cxoaurces.

n=1
Pemenue
mn
. n n
lim =x'T = 1 # 0 Psg pacxoaurcs
n—oo nt ;+;

Yucnosoit psin Ui+Uz+Us+.. .Unt... (*) Ha3bIBaeTCs 3HAKOTIEpEMEHHBIM, €CITA CPEIU €T0 YICHOB
UMEIOTCS KaK MOJIOKUTEIbHBIC, TAaK U OTpUIATeNIbHBIC Yuciia. UHCI0BO psii Ha3bIBaeTCs
3HAKOYepeIyIOIUMCSI, €CJIU JIF0OBIE 1BA CTOAIINE PSIOM WIIEHA UMEIOT TPOTHUBOIIOJIOKHBIE
3HAKH.
Ipusnax cxooumocmu Jletibnuya 0ns sHakouepeoyrouje2ocs psaoa. Ecnm dineHsl
3HaKOYepeayromerocs psaaa (*) MOHOTOHHO YOBIBAIOT TIO a0COTFOTHOW BEIMUMHE M OO YIeH
Un ctpeMuTcs K HyI0 pu N—oo, To psf (*) cxonuTes.
3HakonepeMeHHBIN sl (*) Ha3pIBAETCS a0COFOTHO CXOISAIINMCS, €CII CXOIUTCS PST
|U1|+|U2|+Us|+...|Un|+...(¥*), cocTaBieHHBIH 13 aOCOTFOTHBIX BEJIMYHMH €0 YWICHOB, T.C. BCAKUN
a0COITIOTHO CXOSIIMIACS PSIIT SIBIISIETCST CXOISTIIAMCSI.
CremneHHbIM PSAOM Ha3bIBaeTCs Psif BUIA

r—p-anX"=ao+ arxi+ax?+asx3+anx™ - ), rie uncnaao,ai, az, 3, anHA3BIBAIOTCS
KO3 PHUIIHCHTAMH PsifIa, & WICH anX HAa3bIBACTCS OOIINM YWICHOM psijia.
OO0nacThI0 CXOAMMOCTH CTETICHHOTO PsiJia HA3bIBACTCS MHOXKECTBO BCEX 3HAYCHHH X, TIPU
KOTOPBIX JAHHBINA psa cxoauTcs. Yucno RHa3bIBaeTcs paguycoM cXOAUMOCTH psiaa (**%), ecnu



npu [X|<Rpsia cxoaurest 1 mpuTOM abCOIIOTHO, a ipH |X[>Rpsn pacxoautces. Panuyc cxogumocTu
paBeH npezieny lim [an/an+]
Psanom Teiinopa (byHKuI/H/I f(x) Ha3pIBaeTCs CTeHeHHoﬁ psin BUAa
frie) e
S0 @) @ -ap P a)? + 5 e
+ T (x-a)"+...
Ecnu =0, To mosmyunm yacTHbIN citydail psja Telnopa, KOTopblil Ha3bIBaeTCs psaoM MakiopeHa.
[Tpumep 3
Paznooxcumo ¢hynxyuio f(X)=cosx 6 psio Maxnopena
/f(0)=cos0=1; f'(x) = - sinx, f'(0)=-sin0=0; f"(x) = -COSX;
f"(0) = -cos0=-1 'f"’(x) = Sil’lX' "(0) = sin0=0; ...
f(x)= 1+—X+—1x +2 x +..

f(x) = 1--—,-—

KonTposbHbie BONPOCHI

1./laliTe onpeneneHue YMCIOBOTO psija.

2.KakoB HEOOXOAMMBIH MPU3HAK CXOAUMOCTH YUCIIOBOTO psina? JlaiiTe ero onpenenexue.
3.ChopmynupyiiTe 10CTaTOUHbIE IPU3HAKU CXOIUMOCTH Psijia.

4. Kakoii psiJ1 Ha3bIBAE€TCS 3HAKOIIEPEMEHHBIM? 3HAKOUEPEAYIOIIMMCS ?

5.KakoBbI mpU3HaKK CXOAMMOCTH 3HAKOYEpEIyIoLIerocs psijaa’?

6./laiiTe onpeseneHue CTEEeHHOTo psa.

7.410 Ha3bIBAIOT 00JACTHI0 CXOAMMOCTH CTETIEHHOTO psifa?

8. IIpu KakoM yCIIOBHM CTEIIEHHOU PsJ CXOOUTCS?

9.3anummte o6muii Bu psiaa Teitnopa u psaaa MakiopeHna.

3agaHust

I/Iccne):[yHTe P Ha CXOJUMOCTh
2 ?’E +1

Do AT 3)Ii-

Paznoxure dpynkuuio B creneHHoi psix MakiopeHa
1) f(x) = sinx  2)f(x)=2x>+3x*+4x3+8x?+6x+3

IIpakTuyeckoe 3ansitue Ne 14
Onepanuu HaJx MHOKECTBAMM

[enb:1) ®opmupoBaHue 00X KOMIIETEHIIHI:

OK 01. BeiOupare crmocoObl  pemieHust 3agad  Mpo(ecCHOHANbHON  JesITeIbHOCTH,
MPUMEHUTEIBHO K Pa3IMYHBIM KOHTEKCTaM.
OK 02. Ocy1iecTBIATh MOKMCK, aHAJIM3 W MHTEpHpeTanuo MH(opMaruu, HeoOX0aUMOM

JUTSL BBITIOJTHEHUS 331249 TPOPECCHOHATBHON JEATETHHOCTH.
2) 3HaTh omnpeieJICeHuE MHOXKECTBA, IEUCTBUS HaJl MHOYKECTBAMHU
3) YMeTh pemath MpUKIIaIHbIE 33]]a4l HAa MPUMEHEHUE TEOPUU MHOYKECTB.

Kparkas Teopus
Jltobast COBOKYNHOCTb, OOBEAMHEHHE HEKOTOPhIX OOBEKTOB MPOU3BOJIBLHOM IPUPOJIBI,
Ha3bIBAEMBIX DJIEMEHTAMM, HA3bIBAETCSI MHOXECTBOM. MM, MHOXXECTBOM Ha3bIBaeTCs
COBOKYITHOCTb HCEKOTOPBIX OJJIEMCHTOB, 06'Be)II/IHeHHI)IX KaKAM-JIH0O0 O6HII/IM IMPU3HAKOM.
DJeMeHTaMH MHO>KECTBA MOTYT OBITh 4HCIa, (PUTyphl, MPEIMEThI, MOHATHS U T. MHOXecTBa
0003Ha4YaroTCsl MPOMUCHBIMUA OYKBaMH, a 3JIEMEHTHI — CTPOYHBIMU. 3anuch aeA 0003HAYAET, YTO
a snemeHT MHOKecTBaA. Ecnu b He mpunamiexut MHOXKECTBY A, TO 3anuchiBacTes: b &4



Ecnu kaxaplil 3IeMEHT MHOXECTBa A SBIISIETCSI U 3JIEMEHTOB MHOXECTBa B, TO roBopsT, 4TO
MHOECTBO A siBjsieTcst moJAMHoOkecTBoM B (A € B)

Ecnu npu 3TOM B MHOXECTBE B €CTh 371€MEHTBI, HE TPUHAUIEKALIUE MHOKECTBY A, TO MUIIYT A
CcB. Cymma aByx MHoxkecTB AU B sABisieTcs MHOXKECTBOM, KaXIblil 3JEMEHT KOTOPOTO
NpUHAISKUT 100 K A 6o k B. Ilepeceuenuem nByx MHOXkecTB A B siBIIsieTCss MHOXKECTBO,
KaQKJIbII 3JIEMEHT KOTOPOIO IPUHAJUJIEKUT KaK MHOXKECTBY A, TaK U MHOKECTBY B.

MHOXeCTBO, COCTOSIIIEE W3 HEKOTOPOrO HATypaJlbHOIO YHCJIA 3JIEMEHTOB, Ha3bIBACTCA
KOHEYHbIM MHOXECTBOM. Eciii He CyIIecTBYeT TAaKOro 4ucia, OINPEAEISIOLIEr0 KOJINYECTBO
3JIEMEHTOB B MHOKECTBE, TO TAKOE MHO>KECTBO HA3bIBAECTCS OECKOHEUHBIM.

N —MHOXECTBO HATypaJbHBIX 4MCEN; ZMHOXECTBO LEIbIX 4Hceld; R- MHOXECTBO
JNEHCTBUTENBHBIX uncen; Q- MHOXKECTBO pallMOHANBHBIX YHCEN. Ba)KHbIE OINEpalii, KOTOphIE
MOKHO TPOM3BOAWTH C JABYMS MHOXecTBaMH A W B — oObeauHEHWE [BYX MHOXECTB W
MIOCTPOEHUE UX MEPECECUCHUS.

OO0benuHEeHne IByX MHOXKECTB — HOBOE€ MHOKECTBO, COCTOSIIEE U3 3JIEMEHTOB KaK MHO)KECTBA
A, Tak 1 MHOkecTBa B. D10 MHOXKecTBO 0003Hauaercss AU B

[lepeceueHnemM ABYyX MHOXKECTB Ha3bIBa€TCs  MHOXKECTBO, B KOTOPO€ BXOAST TOJBKO T€
3JIEMEHTBI, KOTOpbIE OJHOBPEMEHHO MpHUHaANekaT oboum MHOoxkecTBaM A u B. O0o3Havaercs
3TO MHOeCTBO uepe3 A N B

Onepanuuu OObEIMHEHUS U MEPECeUeHUs] MOXKHO IMPOU3ZBOJIUTH C JIOOBIM KOHEYHBIM UYHCIOM
MHOXECTB, a TAKXK€E - U C OECKOHEYHBIM YHCIIOM.

MHoxecTBa 0003HAYAIOTCS POIUCHBIMU OYKBaMH, a 3JIEMEHTHI MHOKECTBO CTPOUYHBIMHU
OykBamH. DJIEMEHThI MHOKECTB 3aKIII0OYAIOTCS B (DUTYpPHBIE CKOOKH.

Ecnu »snemeHT X NOpHHAIIEKUT MHOXKECTBY X, TO 3amuchiBaloT X € X (€ —
MIPUHAICIKHUT).

Ecnu MHOXecTBO A sBisieTcsl yacThi0O MHOXKecTBa B, To 3amuceiBaror A € B (€ —
COJICPIKUTCS).

MHOXeCTBO MOXET OBITh 3a/laHO OJHHM M3 JIBYX CIOCOOOB: TEPEYHCICHHEM M C
MOMOILBIO OTPEJENISIOIETO CBONCTBA.

J1Ba mHOXxecTBa A 1 B paBHbI (A=B), eciiu oHM COCTOST U3 OJJTHUX U TEX KE FIEMEHTOB.

Hanpumep, ecmu A={1,2,3,4}, B={3,1,4,2} To A=B.

O6benunenneM (cymmoii) MHOkecTB A U B HaspiBaeTcss MHOkecTBO A U B, aneMeHTHI
KOTOPOTO MPUHAJICKAT XOTs OBl OTHOMY U3 ITHX MHOXECTB.

Hanpumep, ecmu A={1,2,4}, B={3,4,5,6}, 70 AU B ={1,2,3,4,5,6}

[Tepeceuenunem (mpousBenenremM) MHOXECTB A u B HazpiBaeTcss mMHOkecTBO A 1 B,
AJIEMEHTBI KOTOPOTO MPUHA/JIEKAT KaK MHOKECTBY A, TaK U MHOKECTBY B.

Hanpumep, ecrn A={1,2,4}, B={3,4,5,2}, To AN B={2,4}

Pasnocthto MHOXkecTB A u B Ha3piBaeTcs MHOXeCTBO AB, »ileMEHTBI KOTOpPOTO
MIPUHAICKAT MHOXKECTBY A, HO HE TIPUHAIICKAT MHOXKECTBY B.

Hanpumep, ecnu A={1,2,3,4}, B={3,4,5}, T0 AB = {1,2}

CuMMeTpUYHOM Pa3HOCThIO MHOXECTB A W B HaspiBaeTca MHOkecTBO A A B,
ABIIstoLIeecs 00beInHeHneM pa3HocTelt MHOXkecTB AB 1 BA, To ectb A A B = (AB) U(BA).

Hanpumep, ecmn A={1,2,3,4}, B={3,4,5,6}, T0 AAB={1,2} U {5,6} ={1,2,5,6}

Ceoticmea:
CBolicTBa NEPECTAHOBOYHOCTH
AUB=BUA
ANB=BNA

CoderarenbHOE CBOUCTBO:
(AuB)uC=Au(BuUCQC)
(ANB)yNC=ANMBNC)
Kpyru Oiinepa (Oiinepa-Bena) — reomerpuueckasl cXema, ¢ IOMOLIbI0 KOTOPOH MOKHO
1300pa3uTh OTHOILEHHS MEXy OJIMHOXKECTBAMHU, [UI HAIJISIAHOTO MIPECTABICHHUS.



Ilpumep: Cpeay IIKOJIBHMKOB IIECTOrO Kjacca IPOBOAWIOCH AaHKETHUPOBAHHME IIO
moOouMbIM  MynbThuapmMaM. CamMblMH  MOMYJSIPHBIMM ~ OKa3aJIUCh TpU  MYJIbTUIbMA:
«benocuexxka u ceMb THOMOBY, «I'yOka bo6 KBaapatusie IlItansr», «Bonk u Tenenox». Beero B
kiacce 38 yenoBeK. «beTOCHEXKKY U ceMb THOMOBY» BbIOpanu 21 y4eHHK, Cpeld KOTOPBIX TpOe
Ha3Bamu emie «Bonk u TenmeHok», mecrepo — «['yoka bo6 Ksagpartusie lTtanb», a oaun
Hamucal Bce Tpu MynbThuiabma. Mynberdpunem «Bonk u TeneHok» HazBanu 13 pebsr, cpenu
KOTOPBIX IATEPO BBIOpanu cpaszy ABa MynbThuiabma. CKOJIBKO YEIOBEK BBIOpAIH MYIbTHUIBM
«I'yoka bo6 KBanpatusie [lITanbin?

Pewenue: B »Toll 3amaue 3 MHOXECTBa, M3 YCIOBMM 3aJaud BUIHO, YTO BCE OHU
nepeceKarTcs Mexay coboi. [Tomydaem Takoit yeprex:

VY4uThIBask yCI0BUE, YTO CPEAU PEOST, KOTOPHIE Ha3Ball MYJIbTHUIbM «BOJK 1 TEIEHOK»
MATEPO BBIOpaU cpasy ABa MyJIbTQHIbMA, IOTyYaeM:

21 -3-6—-1=11— pebsaT BbIOpanu TOIBKO «beTOCHEKKY U CEMb THOMOBY.
13-3-1-2=7—pebaT cMOTPAT TOJIBKO «BOJIK U TEICHOK.

[Tonyyaem:
38—-(11+3+1+6+2+7)=8—yenoBek cMOTPAT ToJbKO «I'yOka bo6 KBangpatusie I1ITanby.
Henaem BeiBog, uTo «I'yOka bo6 KBanparusie Llltans» BeiOpamu 8§ + 2 + 1 + 6 = 17 yenosexk.

Otgert. 17 yenoBek BoiOpanu MmynbTduiseM «I'yoka boo KBagparusie LlTanb.
KoHnTpoJibHbIE BOnpochl
1.laiiTe onpenenenrne NOHIATUS MHOYKECTBA.
2.Yto Takoe 1oJAMHOXKECTBO?
3.laiiTe onpesenieHne CyMMbI MHOXKECTB.
4.YT0 Ha3bIBAIOT IEPECEUCHUEM MHOKECTB?
5.Kakoe MHOk€eCTBO Ha3bIBaeTCsA KOHEUHBIM? beCckoHEeUHbIM?
3aganus
1) Hatitu maoxectBa ANB, AUB, A/B, B/A, eciu:

a) A={e, o, p, x} B={x, y}

0) A={x: -3<x<4} B={x: 0<x<6}

B) A={2n+1}, B={n+1} neN

2) Haiitm maOKecTBa ANB, AUB, A/B, B/A, ecnu:

a) A={12, 13, 14, 15} B={12, 14, 16}

0) A={x: 0<x<2} B={x: 1<x<4}

B) A={3-(n+1)}, B={n+5} neN

3) Ha 1 kypce yuarcs 200 ctyaenToB, 106 u3 HUX 3HAIOT aHIVIMHCKUI 3bIK, 60 — HeMenKkuid, 92
— (panIy3ckuil. 24 cTyaeHTa 3HAIOT aHTJIMACKUI U HEMEIIKUN S3BIKU, 36 — aHTTTUHUCKHMN 1
dpaniy3ckuii, 30 — Hemenkuit u ppaniy3ckuil, 14 — Bce Tpu a3bika. OcTanbHbIE 3HAIOT TOJIBKO
OJIMH UCHaHCKUH s13bIK. CKOJIBKO CTY/IEHTOB 3HAIOT:

a) TOJBKO OJIMH SI3bIK?

0) UCTTAaHCKU S3BIK?

B) TOJIbKO HEMEIKUN SA3bIK?

T') 3HAIOT aHTJIMHCKUNA U HEMEIIKUH, HO HE 3HAIOT (paHITy3CKHii?

4) Ha 1 xypce yuarcsa 200 cryaenToB, 106 n3 HUX 3HAIOT aHTIIUICKUH A3bIK, 60 — HEMenkui, 92
— (panIy3ckuii. 24 cTyaeHTa 3HAIOT aHTJIMHACKUI U HEMEIIKUN SI3bIKH, 36 — aHTTIUHCKHHN 1
dpaniy3ckuii, 30 — Hemenkuit u ppaniy3ckuil, 14 — Bce TpH a3b1ka. OcTanbHbIE 3HAIOT TOJIBKO
OJVH UCMAHCKHUM s3bIK. CKOJIBKO CTYZICHTOB 3HAIOT:

a) POBHO JBa si3bIKa?

0) ToJIbKO (hpaHIy3CKHIl SI3BIK?

B) 3HAIOT HEMELKHUH U (paHIy3CKUH, HO HE 3HAIOT aHTJIMHCKUI?

T') HE 3HAIOT UCMAHCKUHN S3bIK?

IpakTnyeckoe 3ansiTue Ne 15



Onpenenenue ciaydaiiHoi BeJuuuHbl. Cll0:keHHe M YMHOKeHUe BeposAiTHOCTeil. Pemmenne
3ajad.

Kparkas Teopusi

W3yuyenue sBICHHN CBSA3aHO C BBIIOJHEHUEM HEKOTOPBIX YCIOBUMW, MU UCHBITaHUU. Beaxui
pesyibTaTa WIM HMCXOJ HCHbITaHUs HasblBaercsi coObitueM. CoObiTus A, B HasbpiBaroTcs
HECOBMECTUMBIMHU, €CIM B YCIIOBHUSX HMCIBITAHWM Ka)KIAbIM pa3 BO3MOKHO IIOSIBJICHHE TOJBKO
onHoro cooObiTus. CoOblTHst A M B Ha3bIBalOTCS COBMECTHMBIMM, €CIM B JIAHHBIX YCIIOBHSIX
NOSIBJICHUE OJHOIO M3 3TUX COOBITUM HE HCKIIOYAET IMOSBICHHME JPYroro IMpU TOM XKe
ucnbiTanuu. CoOblTHE Ha3bIBAaeTCS CIy4YalHBIM, €CJIM HCXOJ WCHBITAaHWs NMPUBOJUT JUOO K
NOSBICHHUIO, JIMOO K HE TOSBJICHUIO 3TOTO COOBITHS. M — YHCIIO TOSBICHHS HEKOTOPOTO
coObITHs; N- YHCII0 UCTIBITAHUH.

M o
~— JacTHOCTh. BepoATHOCTH — Mepa OOBEKTHBHON BO3MOXHOCTH TOSIBICHUSI COOBITHA. 3a

i

MOSIBJIEHHE COOBITUS MNPpUHHUMACTCA BCJIIMYKWHA, OKOJIO KOTOpOﬁ TPYHNIIUPYROTCA Ha6n}0naeMHe
3HA4YCHUA YaCTHOCTH.

HOI[ BCPOATHOCTBIO P(A) HACTYIUICHUA COOBITHS MNPpUHUMACTCA OTHOLICHUC YMCJIa HCXOIO0B,
6JIaFOHpI/I$ITCTByIOIIII/IX HAaCTYIUICHUIO JaHHOI'O CO6I>ITI/I$[, K 4YHUCIIy HCXOOOB HCIIbBITAHUA.

BeposTHOCTh — ycToiunBast 4aCTHOCTb. P(A)Z%lOO%

Teopema cnoocenuss eeposamuocmeii. BepoATHOCTb HACTYIUIEHUS OJHOIO M3 HECKOJIBKHX
HECOBMECTUMBIX COOBITHH O€3 yKa3aHHs KaKOro MMEHHO, PaBHO CyMMeE€ BEpOSTHOCTEH 3THX
COOBITHH.

Teopema ymnooicenus eeposamuocmeti. BeposITHOCTb COBMECTHOI'O HACTYIJICHUS JABYX COOBITUM
paBHa MPOU3BEICHUIO BEPOSITHOCTU HACTYIICHUS IIEPBOTO COOBITUS HA YCIOBHYIO BEPOSATHOCTD
HACTYIUICHHUsI BTOPOT'O COOBITHS, BHIYUCIEHHYIO B IIPEIIIOI0XKEHHUH, YTO IEPBOE COOBITHE UMEET
MECTO.

[Tpumep 1. B smuke 20 mapos, cpenu KOoTopbix 8 Oenbix. KakoBa BepOSTHOCTb MOSBICHUS
6enoro mapa P(A)?

. m=8; n=20. P(A):%100%2100%240%

[Tpumep 2. Tloeznka maccakHpoB C HEKOTOPOM TpaMBaiHOM OCTAaHOBKM K MECTY pabOThI
oOciyxuBatorcss mapupytamu Ne3 u Nell. Yepe3 gaHHYIO OCTaHOBKY NMPOXOAST TpaMmBaH MATH
MapupyTtoB. M3BectHO, uTo 13 40 TpamBaeB § — mapmpyra Ne3, 10 — mapumpyra Nell. Haiitu
BEPOATHOCTh TOTO, YTO MEPBBIA MPOXOASIIMN TpamBaill OyIeT COOTBETCTBOBAaTh TPeOyeMOMY
MapIpyTy.

.M1=8 m2=10 n=40 P(Ne3, Nell)= —*—‘x100% 100%=8%

[Tpumep 3. B ogHoit ypHe 10 mapoB, U3 KOTOpBIX 5 OelbIX, B ApYyroi — 12 mapoB, U3 KOTOPHIX 8
Oenbix. HailTu BepOATHOCTH TOTO, UTO MPH OJHOM HCIBITAHUU OYAYT BHIOpaHbI OJIHOBPEMEHHO
U3 [IEpBOM M BTOPOM YpHBI J1Ba 11apa O,Z[HOBpCMeHHO

.m1=5 n1=10 my=8 n,=12 P(AB)=P(A)*P(B) = *”"‘*100%
P(AB)=**100%=—-*100%~33%

KonTpoJbHbBIe BOPOCHI
1.Yto Ha3zwBatoT ucnbeitanuem? Coobituem?
2.Kakoe coObITHE Ha3bIBAETCs CIydalHbIM?
3.JlaiiTe onpeneneHre BEPOSITHOCTH.
4.ChopmynupyiiTe TeOpeMy CIOKEHHUS BEPOSITHOCTEM.
5.ChopmynupyiTe TeOpeMy YMHOKEHHS BEPOSITHOCTEH.
3ananus
1. Y3 10 GuiieToB JI0Tepen BBIUTPHIIIHBIMU SBJISIOTCS /1Ba. KakoBa BEpOSITHOCTh TOTO, UTO CPEAU
B3STBIX Hay/ady MSTH OMJIETOB /IBa BBIUTPHIIIHBIX ?
2. BoceMb pa3auyHbIX KHUT PACCTaBIISIIOT HayraJ Ha ogHOM nosike. KakoBa BEpOsITHOCTh TOTO,
YTO JIBE OIPEJEICHHBIE KHUTH OKAXYTCS pAIoM?



3. B maptuu u3 12 neraneit umeercs 9 crangaptHeix. Haliaure BEpoSTHOCTB TOTO, UTO CPEAU
CEMH B3STBHIX HayraJ AeTajaei 6 CTaHJapTHHIX.

4. Bpoiena urpanbHas KocTb. KakoBa BEpOsSITHOCT TOTO, YTO BBINAJIET HE MEHEE JABYX OUKOB?
5. W3 50 snektponammnouek umeercst 4 OpakoBaHHbIX. KakoBa BEpOSITHOCTB TOTO, UTO JIBE B3SIThIC
HayTa/I JaMIIOYKHA OKAXYTCsl OpaKOBaHHBIMH?

6. B kamxHOM MarasuHe Ha noJike JIeKUT 20 kaur, npudeM 10 kaur crost o 200 py0. kaxmaas,
3 xuuru - 1o 400 py6neit u 7 kaur — no 100 py6neii. HaiiTi BepoATHOCTB TOTO, YTO B3ATHIC
Hayraj ABe KHUru ctosT 300 pyoei.

7.B Mara3uH nocrymnaina naptus ToBapa B kosnuectse 100 mryk, kotopas cogepxut 10 mryk
OpakoBaHHOTO TOBapa. KakoBa BepOsITHOCT TOTO, UTO MOKYIIATeNb BEIOEPET JIBE MITYKHU TOBapa
u 00e OpakoBaHHbIE?

8. B Marasun noctynuio Heckoibko 20 maptuii ToBapa. M3 HuUX nBe — ToBapbl hupMel A, 3-
¢upmel b, octanpabie TOBaps! hupmbl C. KakoBa BEpOSITHOCTH TOTO, UTO IEPBBIC BE MPOAAKHU
BBITIAZICT HA TOBaphl pupmbl C?

IIpakTuyeckoe 3ansaTue Ne 16
CayuaiiHasi BeJJMYMHA, € (PYHKUMS pacnpeae1eHust

[enn:1) ®opmupoBaHue OOIIMX KOMITCTCHIIHNA:

OK 01. BeiOupare crmocoObl  pemieHust 3agad  Mpo(ecCHOHAIBHOW  JAEATeNbHOCTH,
HIPUMEHHUTEIBHO K Pa3IMYHBIM KOHTEKCTaM.
OK 02. Ocy1miecTBIATh MOKCK, aHATH3 W WHTEpHpeTanuio uH(popMaruu, HeoOXO0aMMOM

JUIs BBITIOJIHEHUS 3a]1a4 PO ECCHOHATIBHOM 1S TeTbHOCTH.

2) 3narp ompeneneHue (YHKIUW pacTpeAeiCHHUS CIy4ailHON BEIMYMHBI, MaTeMaTHYECKOTO
OKUJIaHUS U JUCTIEPCUHU CITyYailHON BETMYNHBI.

3) yMeTh pemiath NpUKIaAHbIE 3314l Ha MCIOJIb30BaHUE (DYHKIUU pacrlpeesieHus: clydyaiHou
BEJIMYMHBI.

Kparkas Teopus

KauecTBeHHBIN pe3ynbTaT Cclay4yallHOro »SKCIepuMeHTa — ciydaiiHoe coObiTie. JlroOas
KOJIMYECTBEHHAsI XapaKTePHCTUKA, KOTOpas B pe3yibTaTe CIy4allHOrO SKCHEPHMEHTa MOXKET
NPUHITH OJHO M3 HEKOTOPOro MHOXECTBA 3HAUCHHMW — ciydaiiHas BenuuuHa. CiydaiiHON
BEJIMYMHON Ha3bIBAETCS JeHCTBUTENbHAS ynciaoBas QyHkma & =E(w), o (E Q, Ttakas, 4yTo mpu
ar00oM seiicTBuTenbHOM X {®$ (o)} E Z.
[Ipumep ciaydaitHON BETMYMHBI — YMCIO OYKOB, BBHIMABIIUX MPU OPOCAaHWUHM MIPALHON KOCTH —
TMICKpeTHast ciy4aifHass BenwmuuHa. CKOpPOCTh MOJIEKYJ Ta3a — HENpephIBHAs CllydaitHas
BEJIMYMHA.
Eciu & — cnyvaiinas Benuuuna, T0 T(X)=f:(X)=P({<X) HaswiBaetcs hymryuetl pacnpedenenus
cayuainou genudunsl.P(E<X)  BEpOATHOCTH TOrO, YTO CiIydaifHas BeNMYMHA & TNPUHUMACT
3HA4YE€HHE MEHbIIE X.
OyHKIMA pacpeneneHus 00J1a1aeT CBOWCTBAMHU:

1) f(x) — ompezesneHa Ha Bcell YUCIOBO# mpsiMoii R

2) f(x) He yObIBaeT, T.€. ecin X1<X2, 1o f(X1)<f(X2)

3) f(-0)=0; f(+0)=1, 1.e. lim f(x) = 1;

x—¥oo

lim f(x) =0
x—=0

4) f(X) HempepbIBHA CTIpaBa, T.€. xli_}r:aﬂ f(x) = f(xo)
OyHKIMS pacTpeeNieHus AUCKPETHOHN CITydaifHOM BEIMYMHBI UMEET BU: X1<X2<X3<...
I 0 mpu X<X1

| Pimpu X<Xz
F(X)=1 P1+P2 mpu X<x3



I ...
I 1 mpu X>Xn
®ynKIMs pacrpesiesieHns HempepbIBHOit citydaiinoi Bemuunnel umeer Bu: f(X)=["  Pe(t)dt;
_—
Pe(x)=dfe(x)/dx
Orcrona fj; P(x)dx=1
KonTposbHbIe BONPOChI
1.IlpuBeaute npumep cirydaiiHON BEJINYUHBI.
2.Yto Ha3bIBaIOT (DYHKIMEH pacrpeeieH s CIIydaiiHON BETMYUHBI?
3.Maiite onpesesieHne MaTEMaTUYECKOTO 0KMIaHUs CITy4ailiHON BEJIMYUHBI.
4. JlaiTe onpeieieHuEe JUCTIEPCUM CITYYaHOW BETMYMHBI.
3ananus
1.IToctpouth rpaduk GPyHKIIUU pacrpeaesICHUs CIy9alHOW JUCKPETHOW BEIIMYMHBI — BBIOOD U3
YPHBI, B KOTOPOIl HAXOAATCS Pa3HOLBETHBIE ILIAPbI
2.M300pa3uth, B o01IeM BHe, TpaduK pacmpeneieHus IOTHOCTH BEPOSTHOCTU HEMPEPHIBHON
CIIy4ailHON BEJINYMHBI.
3.M306pa3uth npubau3uTenbHON rpaduk pacnpeaeneHuss CKOPOCTH MOJIEKYJ HJiealbHOro rasa.
4.1300pa3uTh NpUOIU3UTETHHO TpaduK pacIpeieIeHUs] KOJTUIECTBA MPOJAK OT MPOU3BOAUTEIS
ToBapa. J{1s Kakoro mpou3BOUTENSI BEPOATHOCTh MAKCUMAIILHBIX IPOAAK HanOoIbIas?

IMpakTnyeckoe 3ansiTre Nel7. JlelicTBUA HAJ KOMILIEKCHBIMHM YHCJIAMM

Lenn: 1) ®opmupoBaHue OOIIMX KOMITCTCHIIHMA:

OK 01. BeiOupares crmocoObl  pemieHHs 3agad  MPO(ECCHOHANBHON  JESITeIbHOCTH,
NPUMEHHUTEIBHO K Pa3IMYHBIM KOHTEKCTaM.
OK 02. OcyiecTBIATh MOUCK, aHAU3 M UHTEpIpeTalnnio MHPopMaluu, HEoOXO0aUMOn

JUTSI BBITIOJTHEHUS 337124 TPO(heCCHOHATBHOM e TEIbHOCTH.

2) 3Harh ompenerIeHUEe ONMPeNeTUuTeNs] KOMIUIEKCHOTO YHCHIa, AJITOPUTM JICHCTBUNU Haj
KOMIUIEKCHBIMU YHCIIAMU

3) YMeTh BEIIOJIHATE CJIOKCHHUEC, BBIYMTAHUC, YMHOXCHUC U JCJICHNC KOMIIICKCHBIX YU CCII

Kpartkas Teopus
CHayaya BCIIOMHHMM «OOBIYHBIC» IIKOJIBHBIC YKclia. B MaTemMaTuke oHI
Ha3bIBAIOTCS MHOKECTBOM /IeiiCTBUTEIBLHBIX YHceJ U 0003HAYAIOTCS OYKBOI R (B
JUTepaType, pyKOMUCSX 3arjlaBHYI0 OYKBY «3p» MULIYT >KUPHOU 100 yTonméHHom). Bee
JICHCTBUTEIIbHBIC YMCIIA CUIAT Ha 3HAKOMOM YUCIIOBOM NIPSAMOM:

-7 2 e
C e 4 3 i O—O 00— — '
_6 3 0 1 b3 55 X

2

31eck U 1enble Yuca, U Ipo0u, U uppallioHalbHbIe Yrcia. [Ipu aToM Kaxaoi Touke
YUCJIOBON 00513aTE€TLHO COOTBETCTBYET HEKOTOPOE ACHCTBUTEIHLHOE YHCTIO.

KommtekcHBIM uncaoM £ Ha3bIBAETCS YMCIO Buga Z=a+bi, rae a u b — geiicTBUTEnbHEBIE
4KCIIa, | — TaK Ha3bIBaeMast MHUMAs eOunuya. Yncao a Ha3bIBAETCS OeUCMEUMENbHOU
yacmouio ReZ KOMIUIEKCHOTO YKciia Z , YUCa0 D Ha3bIBAETCS MHUMOU YACMbIO

IMmz xomImIekcHOro yucnia £ .

a+bi —sto EJMHOE UYUCIJIO, a He cnoxenue. J[eCTBUTENbHYIO U MHUMYIO YacTH
KOMILUIEKCHOTO YKCJIa, B TIPUHIIUIIE, MOKHO IepeCcTaBUTh MecTamu Z=a+bi: wnm nepecraButh
MHHUMYIO enuHuIly: Z=a+bi — ot 3Toro komIuiekcHOe uncio He u3MeHuTcs. Ho cranaapTHo
KOMILIEKCHOE YHCJI0 MPHHSTO 3aNMiChIBATh HMEHHO B TAKOM mopsiake: Z=a+bi



Urto0s! BCE€ OBUTO IOHATHEE, Cpa3y MPUBEIY FEOMETPHUSCKYIO HHTEPIIPETAIIHIO.
KommiekcHbie unciia n300paxaroTcs Ha KOMAIEKCHOU NIOCKOCU.

MH0:keCTBO K& KOMILIEKCHBIX YHCeJI TPUHITO 0003HAYATH KUPHOWY WU YTOJIIICHHON
OyKBOI1 C. [ToaTOMY Ha YepTeke ClIenyeT NOCTaBUTh OYKBY C, 0603uauas Tor dakT, 4To y
HAaCc KOMIUIEKCHAs IOCKOCTh/ KoMIuIeKCcHas III0CKOCTh COCTOUT U3 JIBYX oceil: Rez —
JeWCTBUTENbHAS YacTh; |MZ- MHUMast 4acTh.

[TpaBuna opopmMieHus YepTeka MPaAaKTUUSCKH TaAKUE Ke, KaK U JJIS YepTexa B ICKapTOBOU
cucrteme KoopauHart. [1o ocsiM Hy»HO 3a1aTh Pa3MEPHOCTb, OTMEYAEM: HOJIb; €AUHULY 110
JIEMCTBUTEIILHON OCH; MHUMYIO €AMHUIY * IO MHUMOMW OCH.

[TocTpouM Ha KOMILJIEKCHOM MJIOCKOCTH CIIEYIOIINE KOMIUICKCHBIE YUCIIa:

2'4:3. Zj=—\III§3. Zﬁ=4i
2, =243 zy=—d+i z,=-3-% zp=~2-1

iy g RS-

Re:z

T TITIIrITIE

Puc.5.1.

PaccmotpumMm ciemyronue KOMIDICKCHBIe uncia: Z1=0; zp= -3; Z3= 2 — 3TO KOMIUIEKCHBIE
quclia C HyJIeBOM MHUMOM yacThio. OHH pacmoiaralTcs CTpOro Ha IeHCTBUTENbHOM ocu Rez
Yucna z4= i; Xs = /31 z6 = 4i, — 3TO, HA00OPOT, YNCTO MHUMBIC YHCJIA, T.C. YHCIA C
HYIICBOil IeHCTBUTENBbHOM YacThbio. OHH PACIOIAralOTCs CTPOTO HA MHAMOM OCH 1 Z

Z;=2+3% zZp=—4+1 z,=-3-3F zm:\E—z o
B uncnax , , , M IeHWCTBUTENIbHAS 1 MHUMAas 4acTH

HC PaBHBI HYJIIO. Takue unciaa Toxke 0003HAYAIOTCS TOUYKAMU Ha KOMILJICKCHOM TIJIOCKOCTH, IIpU



3TOM, K HUM MPUHSATO MPOBOAUTH PAINYC-BEKTOPHI U3 Hauajaa KOOpAUHAT (0003HAUCHBI KPACHBIM
I[BETOM Ha 4yepTexe). Paguyc-BeKTOpHI K 4nCiIaM, KOTOPbIE PACIIONAraloTCesl Ha OCsIX, OOBIYHO HE
YepTAT, [IOTOMY UYTO OHU CIIMBAIOTCSI C OCSIMH.

CroxeHne KOMILJIEKCHBIX YHCEJ

[Tpumep 1. CiioxkuTh 1Ba KOMIUIEKCHBIX YHUCIIa zn=1+3 2= 4- 3
J1yist TOTO 94TOOBI CTIOKUTH JIBA KOMITJIEKCHBIX YHCIIA HY)KHO CJIIOKHTH UX JICHCTBUTEIBHBIE U

MHEMbIE qacTn: 21 %2 = 1+3i+4-5i=5-2i

BolunTaHHEe KOMILIEKCHBIX YHCEJ

Ipumep 2 HaiiTu pa3HOCTH KOMILUIEKCHBIX uncen 21~ 2 g 2~ 71,

- 21:—2+1, z, =3+ 5

I[eﬁCTBHC AHAJIOTUYHO CJIOXKCHHIO, CIMHCTBCHHAA 0COOEHHOCTh COCTOUT B TOM, 4YTO
BbIYUTAaEMOC HYXXHO B34Th B CKO6KI/I, a 3aTCM — CTAHAAaPTHO PACKPLITh 3TH CKOOKH €O CMEHOM
3HaKa:

2=z, ==2+i— (N3+5) = 2+i— 3 -5 =-2- /34

HeﬁCTBHTeHBHaH 4acTh B 3TOM YHCJIC — COCTaBHas: 2= "\"E . I[J'ISI HarjiAAHOCTU OTBET MOXXHO
nepenucarh Tak: -1~ 22~ (-2-+/3)- 4i :

Paccuuraem BTOPYIO Pa3HOCTH:

Zy— 2 =3 +5i— (~2+) =3+ 5 +2-i =2+ /3 +4i

31ech AEUCTBUTEIbHAS YaCTh TOXKE COCTaBHA: 2+4/3
Uto0b1 He OBUTO KaKOW-TO HETOCKA3aHHOCTH, PUBEY KOPOTKUH MPHUMEDP C «HEXOPOIICH»

MHHUMOM 4acTblo: 142 +7 -3 =6+ (2 - 3

YMHOKeHHEe KOMILUIEKCHBIX YHCeJT

. Bot 31ech 0e3 ckoOOK yxe HE 00ONTHUCH.

2
Hacran MOMEHT M0O3HAKOMHTH Bac CO 3HAMEHHUTHIM PaBE€HCTBOM: i =-1

z;=1-1

[Ipumep 3 Haiitu npousBeieHre KOMIUIEKCHBIX YHCEIT , z;=3+06 O4eBHUIHO, YTO

MIPOU3BEJICHUE CIENYET 3aUCaATh TAK: z-23 = (1=1)(3+63) nanee Ha/lo PacKphITh CKOOKHU MO
MIPaBUITy YMHOKCHHUSI MHOTOWICHOB.

22y = (1=$)(3+60)=1.3-1.3+1. 6i—i - 6i = 3- F+6i +6 =9+ %
Tonsrio, uto ~ ¢ © =61 =6 (-] =46

JleJieHHEe KOMILIEKCHBIX YHCeJT
|

= : = — b3 o =
13+ . “2 76 . Haiit wvactHoe 2 .

[Ipumep 4 JlaHbl KOMIUIEKCHBIE YUCIA o
CocTaBHUM YaCTHOE:
z, 13+

z, 1-6i
2 JleneHue Yncelt OCYIIECTBIISIETCS METO/IOM YMHOYKEHUS] 3HAMCHATEIIS M YHCITUTEIIS
Ha COMPSKEHHOE 3HAMEHATEITIO BRIPaXKEHHUE.

(@a—ba+d)=a -b*
(a—&)

Bcenomunaem 6oponatyto popmyny Y CMOTPHUM Ha

HAIll 3HAMeHaTenpb: ¢ ~ % . B 3HaMeHaTene YK€ eCTh
(a+4)

, IOOTOMY COIIPAKCHHBIM

BBIPAKCHUCM B JAHHOM CJIy4dac ABJIACTCA , TO €CTh T+6i CormacHo IpaBully,
3HaAMCHATCJIb HY’)KHO YMHOXUTH Ha T+ , 1, 9TOOBI HUYETO HE U3MCHUIIOCH, JOMHOXKHTDH

JHCIMTENb Ha TO %e camoe gucio ‘9
2, (13+i)(7+60)

z, (7=61)(7+6i)
[lanee B uncauTeNe HY’)KHO PacCKpBITh . A B 3HAMEHATEJE BOCIOJIb30BaTHCS



_ 22 .
(@-b)a+b)=a"-b (HOMHI/IM,I{TOEQZ_1 )

z _ (13+)(7+6) 9147 +78%+6:° _ 91+Ti+78% -6 _
z, (7—6)(7+68) 72— (6)° 49— (-36)
_ 85+85 85+85 _

dbopmynoit

= = 1+i
[oxpo6HO 49436 85
1
zZ=—
[Tpumep 5 JlaHO KOMIUIEKCHOE YUCIIO ""{?_’ 1 Zanumcare maHHOE YMCIIO B anredpanvecKou
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COTPSKEHHOE 3HaMEHATeIN0 BhIpaskeHrne. CHOBa CMOTpUM Ha GopMyIy (@-b)a+d)=a”-5"
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Puc. 5.2.

MopayJjieM KOMILIEKCHOTO YMcJIa £ Ha3bIBACTCS PACCTOSIHUE OT Hadala KOOPJIUHAT JI0
COOTBETCTBYIOIIEH TOUKH KOMIUJIEKCHOMU TI0CKOCTH. [TompocTy roBops, MOAy/Ib — 3TO JJIMHA
paaryc-BeKTOpa, KOTOPBIA Ha YepTeke 0003HAUYCH KPACHBIM I[BETOM.

Moaynb KOMITJIEKCHOTO YUCHa £ CTaHAapTHO 0003HAYAOT: |Z| unu ¥
[To Teopeme I[Tudaropa merxo BeiBecTH HOPMYITY JIJIs1 HAXOXKIESHUS MOYJISI KOMIJIEKCHOTO

Na* +5°

quciia: |Z| -

KonTpoJsbHbBIe BOPOCHI
1. JlaiiTe onpeneneHre KOMILIEKCHOTO YHUCIIa
2. Kak n3zo0pakaercs KOMIUIEKCHOE YHCIIO Ha KOOPAWHATHOM MI0CKOCTH?
3.Kak BBIYMCINTE CYMMY KOMILUIEKCHBIX YHcen? Pa3HOCTh: mpousBeneHue?
4.Kak pa3enuTb OJHO KOMIUIEKCHOE YUCIIO Ha Apyroe?
5.1aiTe onpenesieHue MOAYJ I KOMIIJIEKCHOTO YUCTIa.
3ananus



1. BBIYMCITUTh CyMMY KOMIUICKCHBIX YHCEIN: Z1+Z2-? 21=2+31 Zo= 4-61; 21=15 2= -3i; z1=2-4i
Z2=2.

2.BBIUKCIIUTE PA3HOCTD ATUX JKE YUCEII.

3.BBIYHCITIUTH POU3BEACHHE ITHX JKE YUCEIL.

4. BeluucauTh 21/Z2 U Z2/Z1 DTHX K€ YuCell.

KPAUTEPAU OIIEHKH BBITTIOJTHEHHBIX 3ATAHUM

Bup pador Kpurepuun ouenku banbl

3aI[aHI/I€ BBIITOJIHEHO ITOJIHOCTBIO C OTIIMYHBIM
Brimonaenue 3aaHusg | Ka4eCTBOM O(l)OpMJ'IeHI/IH 0T4CTa, paluOHAJIbHBIM 5
HCII0JIb30BAHUEM BPEMCHU, CaMOCTOATCIIbHBIM
IJIAHUPOBAHUCM U OpFaHI/I3aI_[I/IeI7L

3aILaHI/Ie BBIIIOJIHEHO C HC3HAYUTCIIbHBIMHA
HCIO0UCTAMH, XOpOoHmIeC Ka4CCTBO O(I)OpMJ'IeHI/IH OT4CTAa,
CO6JIIOI[€HI/I€ OTBCACHHOI'O HA BBIITOJIHCHHUC 3a/1aHUs 4
BpEMCHHU, CaMOCTOATCIIbHOC INIAHUPOBAHUC U
BBIITOJIHCHHEC 3alaHUs IIPU HCCymCCTBCHHOfI oMo
IIperioaaBaTCJisd.

Y I0BIIETBOPUTEIHHOE BBITOJIHCHUE 33 JaHM s, [TOMOIIh
MpenojaBaTelis B INITAHUPOBAHUH U BBHIIOJHCHHH
3aJlaHus, OTIEJIbHbIE OIMMOKN U HETOYHOCTH B 3
(dbopmyrpoBKax, 0hOPMIICHUHU OTYETA,

HapYIICHHUS B OPraHU3alliy U INTAHUPOBAHUU PaOOTHI.

HeynosneTrBopuTenbHOE BBINOIHEHUE 3a/1aHUsL, C
rpyObIMH OITMOKaMH B OTYETE U 3aIuTe padoThl, 03
COOJIIO/ICHMSI, OTBEJICHHOT'0 Ha BBIIIOJHEHHE 3aaHus 2
BpPEMEHH, HEYMEHHUE CaMOCTOSITEITHHO
OpPraHU30BBIBATh M IUIAHUPOBATH paldoTy.

Bremonuenue 3agaHus 3aI[aHI/I€ BBIITOJIHCHO BO BpeMs KOHCYHBTaHHﬁ, ITO3KEC
C HApYHICHUAMUA YCTAHOBJICHHOI'O CPOKa OLICHUBACTCA 110 3
CPOKOB CIa4H. AHAJIOTVUYHBIM KPUTCPUAM.
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